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applications, complete with experimental
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by provid ing , with the minimum of theory, a
practical guide to the use of the techn ique for
the development of separations. The
material is based largely on practical
experience and high-lights details which may
have important operational value for
laboratory workers. Information regard ing
the usefulness of available equipment and
column packings is given , together with
chapters devoted to the methodology of each
separation method. Applications of liquid
chromatography are described with refer
ence to the potential of the technique for
qualitative, quantitative and trace analysis as
well as for preparative applications.
Numerous applications from the literature
are tabulated and cross-referenced to
sections concerned with the optimisation
procedures of the particular methods.
In add it ion, many of the figures have been
drawn from hitherto unpublished work.
Although written primarily for workers
currently involved with the application or the
development of liquid chromatographic
methods, the book will also be of value to
those who seek to establish whether
methods for their particular interests have
been reported or seem feasible.
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RE VERSED-PHASE LIQUID CHROMATOGRAPHY O F ISOMERIC ALKYL
BENZEN ES

ROG ER M . SMITH

Department of Chemistry , Universit v (~I' Technology, Loughborough , Leics. LEI I 3TU (Great Britain)

(Received December 29th, 19l10) .

SU M M ARY

The separations of isomeric C I-C4 alkyl benzenes and polymethylbenzenes on
the reversed-phase columns SAS-Hypersil, ODS-Hypersil and C22-Magnusil have
been compared. The correlations between log k ' and the structural par ameters carbon
number, molecular connectivity index and hydrophobic surface areas were deter
mined. The retentions were also compared with octanol- wate r and heptane-water
part ition coefficients.

INT RO D UCTI O N

Altho ugh many stud ies have been carried out on the sepa ra tio n of the environ
mentally impor tant pol ynucl ear aroma tic hydrocarbons (PAH s) by both normal- and
reversed-phase liquid chromat ography", the monocyclic aroma tic hydrocarbons ha ve
not been examined in detail. In earl y studies, normal-phase separa tions on alummav'
and silica" were carried out with pent ane or fluoroc arbon s as eluents, but it was not
easy to relat e the retentions to structura l features. Recentl y, hydr oxylat ed silica has
been used, and linear relati on ships have been det ermined for the n-a lkylbenzenes and
polymeth ylbenzenes bet ween log capaci ty factor and num ber of ca rbon atoms" .

Indiv idual alkyl benzenes have been examined on reversed-phase columns by a
num ber of authors'"? ", but the only systematic study has been of th e C j-Cg n-alk yl
benzenes, which were found to sho w a linear relationship between log capacity factor
(k ') and carbon number!!.

The absence of polar functi on al groups in the alkyl benzenes suggests that they
could be useful models to test the so lvopho bic theory of retention, which relates k' to
the solute hydrocarbonaceous sur face area 12 .1 3 . However, o ther studies of hydropho
bicity, with use of octanol-water dist ribution coefficients, have sugges ted th at, for
non-polar molecules , molecular volumes show a closer rela tionship th an areas!". The
co ncept of molecular connect ivity index has similarly been proposed to relate struc
tu re to part ition coefficients and hence to retention 15.

In the present wor k, the isom er ic C !-C4 a lkylbenzenes and mon o- to tetrameth 
ylbenzenes have been exa mined on three reversed-ph ase co lumns. The k ' va lues have
been compared with the ca rbo n numbers, reported sur face areas and volumes and

002 1-9673j llI/0000- 0000/ $02.50 ,,'\ 19XI Elsevier Scient ific Pu blishi ng Company
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calculated molecular connectivity inde xes. Because of the possible application of
liquid chromatography to the determination of Hansch distribution coefficients1 6

.
1 7

,

the retentions were also related to octanol- water and hept ane - water partition coef
ficients.

EXPERIMENTAL

Liquid chromatogra phy was carried out with the use of a Pye-Unicam XPS
pump with pulse damper, a Shandon syringe injector and columns (10 cm x 5 mm )
and an Altex Model 153 detector at 254 nm ; so lvent flow-rate was 1.0 or 1.3 ml min - I.

The columns were packed with 5-t1m SAS-H yper sil, ODS-Hyper sil (Shandon
Southern, Run corn, Great Britain) or C22 -Mag nusil (M agnu s Scientific, Sandbach,
Great Brita in). Solvents were HPLC-grad e methanol (F isons, Loughborough, Great
Britain ) and distilled water. The alkylbenzenes were laboratory grade , obtained from
a number of sources, and samples were injected, by using a stop-flow technique, as
dilute solution s in methanol-water (7:3). Naphthalene was used as internal standard.

R ESULTS AND DISCUSSION

Retention parameters
In an earl y study of a range of alk ylbenzenes with differing substitution pat

tern s and various alkyl groups, Sleight reported a correlation between log capacity
factor and total number of carbon atoms7

• Close correlations ha ve subsequently been
esta blished for Il-alkylbezenes and other homologous series of solutes, and the gen
era l equat ion log k~ = I'll + If has been derived, in which p and q are cha racteristic
con stants for a particular homologous series and column and solvent combination".
These values can be used to express the ability of the column to separate adjacent
homologues, as the column selectivity IX = k~ + .l«; = lOP, the value of IX varying as
the polarity (e) of the solvent.

In the present work, the k' values of 19 a lkyl- and polymethylbenzenes ha ve
been determined on three reversed-phase columns (Table I), the solvent s being cho sen
to give reason able retention times in each instance. Th e ODS-Hypersil column, as
expected, showed a greater retention than the Short Alk yl Silica (SAS-Hypersil)
co lumn, but, unexpectedly, the Cn-alkyl bonded column, rather than having greater
retention, was similar to the SAS column. Th e relati ve order of elution of the mono
cyclic compounds was effectively the same on all three co lumns, and , on plotting k' for
the ODS and Cn columns, a single line was produced (correlation 0.9971), (ODS and
SAS correlation, 0.9799) .

As in the earlier study, there was reason able overall correlation between log k'
of the alkylbenzenes on the ODS-column and their carbon numbers (Table II). If ju st
the homologou s II-alkylbenzenes were co nsidered, as expected, a much closer corre
lat ion was found for all three columns. The values of p, If and IX are similar to those
reported for the C , -c.~ alkylbenzenes on LiChrosorb RP- 8 and RP-1 8 (ref. II) and
are in agreement with the reported trend to higher values of p and IX with increased
eluo tropic strength of the so lvent.

Although not a tru e homologous series, polymeth ylbenzenes with adjacent
substituents again correspond to a systemat ic structura l cha nge. They also showed a
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TABLE II
RETENTION-PARAMETER RELATIONSHIPS BETWEEN CAPACITY FACTORS AND CARBON
NUMBERS FOR ALKYLBENZENE ON REVERSE-PHASE CHROMATOGRAPHY

Compounds Column Mobile phase ratio Correlation p q ex
(methanol- water)

Alkylbenzenes ODS Hypersil 70:30 0.9903 0.240 -1.256 1.74
n-Alkylbenzenes C22 Magnusil 50:50 0.9986 0.247 -1.510 1.77

ODS Hypersil 70:30 0.9998 0.262 -1.424 1.83
SAS Hypersil 50:50 0.9984 0.236 -1.658 1.72

40:60 0.9998 0.311 -1.432 2.04
RP-8* 100:00 0.066 - 0.925 1.16

90:10 0.101 - 0.586 1.26
80:20 0.154 -0.309 1.43

RP-18* 100:00 0.100 -0.73 1.26
90:10 0.151 - 0.420 1.42
80:20 0.183 -0.080 1.52

Methylbenzenes** C22 -Magnusil 50:50 0.9983 0.232 -1.406 1.71
ODS-Hypersil 70:30 0.9994 0.239 -1 .274 1.73
SAS Hypersil 50:50 0.9989 0.194 -1.157 1.56

* From ref. II.
** Benzene, toluene , 1,2-dimethylbenzene, 1,2,3-trimethylbenzene and 1,2,3,4-H:tramethylbenzene .

good linear relationship between log k' and carbon number (Table II), but with a
flatter slope than for the n-alkylbenzenes. The different slope could be due to the
increasing electro n density on the benzene ring because of the polyalkyl substitution.
This effect should be relatively small for a non -specific absorbent, but had a marked
effect in the study on hydroxylated silica. Although retention decreased with increas
ing chain length of monoalkylbenzenes, polymethylation resulted in an increase in
retention times.

As with many gas chromatography columns, it was not possible to resolve the
three xylenes, although the ortho-isomer was well separated from meta- and para
xylene.

Two bicyclic compounds (biphenyl and naphthalene) were also examined;
both were eluted much earlier than would be expected from their carbon numbers. On
the ODS column, naphthalene (C IO ) would be predicted to have a k' value of 13.8
(experimental 4.1) and biphenyl (C12) a value of 42 (experimental 7.5). The additional
aromatic ring in each compound apparently makes it more polar than a correspond
ing alkyl chain.

Correlation with physical parameters
Although the relationship between k' and number of carbon atoms has a useful

general predictive power for homologues, it cannot propose the relative order of
elution of isomeric compounds such as the four butylbenzenes. Attempts have been
made, therefore, to devise relationships that will more closely relate structure and
retention. These have invariably been based on models of the nature of the interaction
between the sample and the stationary phase.

The solvophobic hypothesis proposes that the retention of a solute is depen
dent on the decrease in repulsion between the hydrocarbonaceous surface area of the
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sample and the so lvent, which occurs when the sample intera cts with the non-polar
sta tio na ry phase1 2

. Similar co nside ra tio ns have been used to relate the solvent ca vity
surface areas of hydrocarbon s with their so lubilities in water l ' and the molecular
areas and volumes of non-polar molecules with their part ition coefficients !".

Fo r the alkylbenzenes examined in the present study, va lues ha ve been re
ported for the surface area I J of 9 co mpounds and for th e Bondi volume !" of II
compounds (Table I). Comparison of the se values with k' on SAS- and ODS-Hypersil
columns showed a good correlation (Ta ble III ), and if the hom ologou s n-alk ylben
zenes only were considered , the relati on ship was closer. Fro m the Bondi-volume
co rrelatio n, the expected k' of naphthalene ca n be predicted as 5.6, in closer agree
ment with the experimental value of 4.1 than the earlier pred ict ion on the basis of
carbon number.

However, surface areas and volumes are not easy to determi ne. The readily
calculated molecular connectivity index X' which is derived from th e topology of the
molecule , has been shown to relat e closely to water solubility and partition coef
ficient 15, and it has' been sugge sted that this parameter can be related to k' values in
chroma togra phyv' ". The calculated values for the compounds in the present study
(Table I) showed a reasonable correlatio n with log k' (Table Ill), although SAS was
bet ter than ODS. Again, if the »-alk ylbenzenes only were con sidered , the correlations
were improved. Because of the similar ity of the relative retenti on on ODS and C22

columns, separa te correlations for the latter were not determ ined .
Close exa mina tion suggested that , des pite its relat ion sh ip to the to po logy of

the molecule, the connectivi ty index co uld not pred ict the order of elution of the
isomeric isobutyl- and sec.-buty lbenzenes, or the large difference in retention between
tert .-but ylbenzen e ik ' = 6.23) and \ ,2,3,4-t etrameth ylbenzene (k ' = 8.04), each of
which had the same connectivity index, X (3.66 \) .

By using the connectivity index of the bicyclo compou nds , the expected k'
values were ca lculated to be naphthalene 6.65 (found 4.10) and biphenyl 21.\ (found
7.50), result s similar to th ose fou nd from th e ca rbon-number rela tion ships.

Despit e cla ims to the co ntra ry, it therefore appea rs that the co nnectivity inde x
is little bette r tha n ca rbon number in relat ing k ' to struc ture for the se co mpounds and

TA BLE III
RELATI O NSHI P BETW EEN LOG CA PA C ITY FACTO RS AN D PH YSIC AL I)ARA M ET ER S FO R A LKY L
BENZEN ES ON REVERSE-PH ASE CO LU M NS

Physical propert v» Correla tion ('Oljlicients** (num ber of compounds )

Solvent cavity surface area
Bondi volume
Molecular conne ctivit y inde x
Parition coefficients
Log P ll l; l dM l wate r

Log Pheptan e- wat er

S AS-H\'!,,'rsil***

Alkvtbenzcncs

0.9943 (9)
0.9931 ( I I)
0.9901 ( llJ)

o.lJ~m( l l)

0.9948 (5)

n- Alk vlbenzenes

0.9992 (4)
0.9985 (4)
0.9995 (5)

0.9974 (4)
§

oDS -llypersil

Alkylhenzenes

0.995 1 (9)
0.99 13 ( I I)
0.9756 (\ 9)

0.9707 ( I I)
0.9982 (5)

n-Alkytbenzenes

0.9994 (4)
0.9995 (4)
0.9985 (5)

0.9980 (4)
§

* Values from table I.
** Excludes naphtha lene and bip henyl.

*** Solvent : methanol-water (50:50).
§ Insufficient sam ples.
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generally fails to correlate with the relative retentions of isomeric compounds. Its
only close correlation, that n-alkylbenzenes,is explicable by the incremental change
of index with members of a homologous series. Overall, it shows a poorer correlation
than does surface area or volume with capacity factor. Similar problems were noted
by Colin and Guiochon!", who compared k' values for isomeric C4 and C, alcohols
with surface area and connectivity index and found an inability to predict the relative
elution of isomers.

Because of the relationship between k' values and partition coefficients, it has
been proposed that liquid chromatography could be used to determine Hansch par
tition coefficients (log Poetanol - water). which are important in studies of drug structure
activity relationships'P?". For the accurate comparison of compounds with different
functional groups, it has been found necessary to impregnate hydrocarbon bonded
phases with octanol'P-!", but this should not be necessary for the relative comparison
of compounds of similar type.

As with physical parameters, there was a good correlation between log
Poetanol-water and log k' for the »-alkylbenzenes, but. for a wider group of compounds.
correlation was poorer. With a limited number of examples, there was good corre
lation with log Pheptane water'

CONCLUSION

The n-alkylbenzenes show good correlation between log k' and carbon number
and structural parameters, but, for isomeric alkyl benzenes, the correlation is much
weaker and the physical parameters are often little better than carbon number in
predicting k' values.
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SUMMARY

Experimental RAt values for a series of barbiturates were determined using
reversed-phase high-performance liquid chromatography. Statistically significant
linear relationsh ips were found between these RAt va lues and Hausch 's n parameters.
Relationships were also obtained between RAt values and partition coefficients de
termined in the system diethyl ether-dimethylformamide- water (2:1 :1) and partition
coefficients determined using gas-liquid chromatography. Hansch 's tt parameters for
ani lines were correlated with RAt values of some substituted urea derivatives.

INTROD UCTION

A frequentl y used approach to the assessment of quantitati ve relationships
between biological activity and chemical structure is Hanschs analysis 1,2. An impor
tant part of this ana lysis is th e determination of th e partition coefficient in a n-octanol
water reference system and as defin ed 1 by

tt = log P; - log PH (I)

where tt is Hausch's parameter , P; is the partition coefficient of a su bstituted com
pound and PH is the partition coefficient of th e corresponding unsubstituted com
pound.

* Presented at Progress ill Chromatographv 79 (Znd Danub e Symposium ) , Carlsbad, April 17- 20,
/9 79, The majority of the papers presented a t this symposium has been published in J. Chromatogr., Vol.
191 (1980),

0021-9673jXl jOOOO ·0000jSi02,50 ,('\ 19XI Elsevier Scientific Publ ishing Company
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In previous work:' we have studied the relationship between the RM values of
phenol s, as measured by different chromatograph ic techniques, and Hanschs par am
eter n, We confirmed the validity of Collander's relationship"

log P = bR M + a (2)

which holds for closel y related development systems where the polar phase is water. It
has been suggested"? that high-performance liquid chromatography (HPLC) with
bonded hydrocarbon stationa ry phases ma y be suitable for determining partition
coefficients, and other worker s1 o,ll have studied whether it is con venient to determine
partition coefficients by means of gas chromatography (GC).

The aim of our study was to investigate the relationship between the partition
coefficients of barbiturates and urea herbicides. determined in different separation
systems, and the corresponding R M values, as measured by reversed-phase HPLC.
We ha ve also tested the suitability of GC for the determination of the partition
coefficients of barbiturates.

EXPERIMENTAL

Chemicals and equipment
Samples of barbiturates (gifts from n. p. Leciva, Prague, Czechoslovakia) were

of analytical-reagent grade. The urea herbicides were rnonuron, diuron (DuPont,
Wilmington, DE, U.S.A.), monolinuron, linuron (Hoechst, Frankfurt /M, G .F.R .),
chlorbromuron, methobromuron (Ciba, Basle, Switzerland) and methoxuron
(Sandoz, Basle, Switzerland). Solvent s were redistilled before usc.

Chromatography was performed on a Varian LC 8500 liquid chromatograph
equipped with a UY flow detector (Am a x . = 254 nm). The MicroPak CH-IO column
(25 ern x 2.2 mm) (E . Merck, Darmstadt, G .F .R .) was packed with silica gel ha ving
an oct adec yl chemically bonded non-polar pha se (particle size 10 /lm ). Also used
were: a Pye Unicam Type GCY gas chromatograph with flame ionization detector
(FlO) and glass columns (200 em x 2 mm) packed with either 3 % OY-I on Dia
tomite CQ (0.100~0.1 20 mm) or 3 % OY-17 on Diatomite CQ (0.100-0.120 mm); a
Packard Model 419 gas chromatograph with FlO and glass column (200 em x 3 mm)
packed with 3 % NPGS + 0.75 % TA on Chroma ton N AW DMCS (0.100-0.125
mm). Before packing, all the columns were silanized.

In liquid chromatography the samples were injected by use of a 50-J11Hamilton
705 syringe, while in gas chromatography a l-/ll SGE Type 5 BL-RD-3 syringe was
employed.

Conditions
Separations on the MicroPak C H- IOcolumn were carried out with methanol

water and dio xan-water mixtures of varying compositions as the mobile phases. The
flow-rate was 60 ml/h.

In gas chromatography the temperatures or the columns, injector and of the
detector were 200, 240 and 230'C, respect ively. Th e flow-rate of the carrier gas (ni
tro gen) was 40 nil/min for the 3 ~<) O Y- I packin g, 55 rnl/rnin for 3",;; O Y-1 7 and 60
ml/rnin for 3 % NPGS + 0.75 % TA .
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In liquid chromatography the samples were dissolved in the mobile phase to
give concentrations of barbiturates of ca. 1 mgjml and of urea herbicides of ca. 0.1
mg/ml, and 5-10,u1 were immediately injected by syringe. In gas chromatography the
barbiturate samples were taken from an ethanolic solution (0.1 mgjml) and 0.5 ,ul
were injected by syringe.

RESULTS AND DISCUSSION

The capacity factors, k:'; of barbiturates (I) and urea herbicides (2) were calcu
lated according to l 2

2

RM = log k ' = log (VR (3)

where VR is the elution volume of a compound and Vo the elution volume of an
unretained compound.

We have examined the relationship between the R M (I) and RM (II) values of
barbiturates measured in the mobile phases methanol-water (I :4) and dioxan-water
(1:4) respectively, and the RM (1lI) values reported by Tjaden et alY (the values were
measured on a column of a short-chain chemically bound stationary phase, cf., eqns.
4 and 5). Hemetsberger et al.t" showed that there are no significant differences in
chromatographic behaviour between bonded short-chain n-alkane packings and oc
tadecylsilyl (ODS) types of packings.

We then studied the relationship between the values RM (1) and RM (II) and R M

(IV) values calculated from the data of Baker et al.6
; the latter were measured on a

)1Bondapak C I 8 column (300 x 3.9 mm) using methanol-water (2:3) as the mobile
phase (pH 7). The regression coefficients calculated (eqns. 6 and 7) are statistically
highly significant, which shows that in the above case the R M values measured on
various commercial phases are readily comparable. Other workers'<"? have also
compared retention data measured on various types of reversed phases. On the basis
of the retention data for polycyclic aromatic hydrocarbons, Ogan and Katz'" con
cluded that a chromatographic analysis accomplished on one C I 8 column cannot be
always duplicated on a C 18 column from a different manufacturer. For further evalu
ation of this problem it would be necessary to perform comparisons of the chroma
tographic behaviour of different groups of compounds on various commercial re
versed phases.

Next we investigated the relationship between RM (I), R M (II) and the loga
rithms of the partition coefficients, log P (I) determined in n-octanol-water I 8

, 1 9 (eqns.
8 and 9) and log P (II) determined in diethyl ether-dimethylformamide-water
(2:1:I?O (eqns. 10 and II). Values of the partition coefficients are given in Table 1.
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The relationships obtained may be summarized as follows

Equation n s No .
------- - _ ._-, ~.. -... --_._--- _._.~

RM (I) = 0.783 RM (III) + 0.007 9 0.978 0.106 (4)
RM (II) = 0.637 RM (III) + 0.058 9 0.970 0.068 (5)
R M (I) = 0.760 R M (IV) + 0.451 9 0.953 0.106 (6)
RM (II) = 0.615 RM (IV) + 0.415 9 0.955 0.076 (7)
RM (I) = 0.450 log P (I) + 0.165 10 0.967 0.082 (8)
R M (II) = 0.435 log P (I ) + 0.089 9 0.973 0.055 (9)
RM (I) = 1.117 log P (II) + 0.564 8 0.895 0.160 ( to )
RM (II) = 1.095 log P (II) + 0.480 7 0.803 0.180 (II)

where n = number of compounds in the set, r = regression coefficient and s =

standard deviation. All the relationships are statistically significant (P < 0.01). The
regression coefficients calculated for eqns. 10 and II , using the partition coefficient s
determined in diethyl ether-dimethylformamide-water (2:1:1), are, however , lower
than those for eqns. 8 and 9 where the partition coefficients were determined in 11

octanol-water. When evaluating these regression equations it must be remembered
that the investigated compounds were partly dissociated in the mobile phase.

Reversed paper:" or thin-l ayer chromatography'<t " has also been used for
measuring partition coefficients. In previous work :' we have shown that there is a
statistically significant linear relationship between the RAt values as measured by
HPLC and PC or TLC.

We have also examined the relationship between the partition coefficients of

TABLE I
PARTITION COEFFICIENTS OF BARBlTURATES DETERMINED BY REVERSED·PHASE LIQUID CHR
MATOGRAPHY
Systems : I = MicroPak CH ·IO, meth anol -water (I :4), flow-rate 60 ml/h; II = MicroPak CH -IO, dioxan-water (1 :
flow-rat e 60 ml/h ; III = meth yl silica, methanol-water (1:3), taken from Tjad en et al .13 .

._- - --- - - - -

Compound Substituents Riot values log P ( f ) * log P ( II)
_._._-_._-- _ . .... _--- -- ..

R 1 R2 R3 II III

Amobarbital C2H, CH2CH(CH3h H 1.195 1.052 1.544 2.07
Butobarbital C2H, (CH2h CH 3 H 0.917 0.802 1.170 1.65
Pentobarbital C2 H, CH(CH3)(CH2hCH3 H 1.195 1.035 1.526 2.03*** 0.532
Allobarbital CHCH=CH 2 CHCH=CH2 H 0.595 0.544 0.866 1.05*** 0.230
Phenobarbital C2H , C6H, H 0.748 0.693 0.783 1.42 - 0.071
Barbital C2H, C2H, H 0.398 0.368 0.554 0.65 - 0.097
Eudan CH 3 C6H , H 0.602 0.536 0.763 -
Hexobarbital CH 3 -0 CH 3 1.073 0.869 1.310 1.92 0.556
Cyclobarbital C2H , -0 H 0.938 0.809 1.190 1.86*** 0.146
Aprobarbital C3H, C3H7 H 0.748 0.637 - 1.15 0.161
Th iopentobarbital ! C2H, CH(C H3)(CH2hCH3 H 1.404 - 3.00 0.851

---- - - ---.

* The partition coefficient in the system n-octanol-water, taken from Fujit a! ".
** The partition coefficient in the system dieth yl ether-dimethylforrnamide-water (2 :1:I), ta ken from Melichar

al.2o•
*** From Hansch et al.19 .

I In formula I the atom of oxygen is substituted by sulphur.
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barbiturates as detennined by reversed-phase liquid chromatography, RM (I), RM (II),
and by gas chromatography on 3 %NPGS + 0.75 %TA, RM (A), on 3 %OV-17, RM

(B), and on 3%OV-I, RM (C) (Table II ). The partition coefficients of barbiturates
determined by gas chromatography were calculated also according to eqn. 3.

Eqns. 12-17 give the relationships obtained for fixed phases of varying po
larity:

Equation n r s No.
. ."---- .._ - -~--- - - - - .,,-----_._---

RM (I) = 0.111 RM(A) + 0.756 9 0.147 0.287 ( 12)
RM (II) = 0.113 RM(A) + 0.644 9 0.186 0.232 (13)
RM (I) = 0.289 RM(B) + 0.537 9 0.370 0.270 (14)
RM (II) = 0.230 RM(B) + 0.495 9 0.363 0.220 ( 15)
RM (I) = 0.376 RM(C) + 0.646 9 0.486 0.253 ( 16)
RM (II) = 0.310 RM(C) + 0.575 9 0.494 0.205 (17)

None of the relationships is statistically significant. The value of the regression coef
ficient increases as the polarity of the fixed phase decreases and it is highest for the
non-polar phase OV-I (eqns. 16 and 17).

In GC, with sufficiently dilute solutions, Henry 's law is applicable. The vola
tility of compounds is then determined mainly by intermolecular forces between the
molecules of separated compounds and those of the stationary phase. In contrast, in
liquid chromatography there are interactions involving both the stationary and
mobile phases . For this reason, GC is considered unsuitable for the determination of
partition coefficients that bear a linear relation to the partition coefficients determined
in n-octanol-water. This conclusion is in agreement with the results of Stoubaut et
a/.l O who made a similar comparison in O-alkyl O-aryl phenylphosphonothioates. On
the other hand, Bocek!' reported that true partition coefficients can be measured in
the systems water-nitrogen and oleyl alcohol-nitrogen using the method described by
Conder and co-workersv' -? ".

TABLE II
PARTITION COEFFICIENTS OF BARBITURATES DETERMINED BY GAS CHROMATO
GRAPHY
Conditions as in the text.
Columns : A = 3 % NPGS + 0.75 % TA on Chromaton N AW DMCS; B = 3 % OV-17 on Diatomite CQ;
C = 3 % OV-I on Diatomite CQ .

._-- - -- - - _ ._. . ---

Compound

Allobarbital
Amobarbital
Aprobarbital
Barbital
Butobarb ital
Cyclobarbital
Hexobarbital
Pentobarbital
Phenobarbital

R M value

A B C
. . __.._-----_•. . ._.

0.895 0.885 0.487
0.879 1.028 0.565
0.788 0.903 0.301
0.586 0.669 0.000
0.827 0.985 0.367
1.507 1.616 1.054
0.845 1.404 0.845
0.981 1.091 0.636
1.710 1.693 1.054

• _ ._ _____ ._A _ ~ _
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Separation of differently substituted deri vatives of urea using reversed -phase
liquid chromatography was also studied (see Table III). The R .\t values of urea herbi
cides measured in the mobile phase dioxan-water (I :4) were correlated with Hansch 's
par ameters for an ilines2 8

,2 9 (Fig. I). When calculating Han sch's parameter 7T. for
anilines with two ring substituents, we took account of the additivity of substitu tion
increments. This simplification was based on the work of Colin et al. 1 7 who for so
called pseudohomologous series of polymethylbenzen es and polymethylphenols ob
tained quasi-linear relationships between the number of car bon atoms and log k .

RM

1.2

3 •1.0 • 4

0.8

0.6 •2
0.4

w u w w
Fig . I. Relati on ship bet ween the R M values of urea herbicides an d Han sen 's par am eter 1C for a ni lines : I
mon oli nur on ; 2 = met ab romuron ; 3 = lin ur on ; 4 = chlorbro rnuron. Micr oP ak C H- IO, dioxan- wa ter
( I :4), flow-ra te 60 rnl /h,

TA BLE III
PARTITI O N COE F F IC IENTS OF U REA H ERBI CIDES D ETERMI NED BY R EVERSED-PHASE
LIQ UID C H RO MATO G RA PH Y
Syste ms : I = MicroPak C H- IO, meth an ol- wa ter (3:7), flow-ra te 60 ml /h ; II = MicroPak C H- IO, dioxan 
wa ter ( I :4), flow-ra te 60 ml /h .

.- -.._ .._- ------

Compound Substitucnt s RM value 1C*

R , R2 R3 R. /I

Monur on C H) C H" H CI 0.50 1 0.367 0.93
D iur on CH ) C H" CI CI 0.9X3 0.794 1.91
M onolinuron CH ) OC H" H CI 0.666 0.535 0.9 3
Chlorbrom uron CH ) OC H., C I Br 0.X33 1.059 2.34
Meth ohromuron CH) OC I-I 3 H Br 0.760 0.62X 1.36
M eth oxuron CH) C H 3 CI OCH, 0.4 12 0.235 1.03
Linuron CH 3 OC I-I 3 CI CI 1.135 0.98 2 1.91
-----_._.. ._....

* Hausch 's parameter fo r anili nes , taken fro m Leo et a/.' " and Fuj ita I'{ al.:" ,
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SUMMARY

The relationship 1 = 10 + at ·llk was compared with experimental data for
hydrocarbons separated by gas chromatography in capillary columns coated with
stationary phases of varying polarity. The influence of adsorption in gas-liquid sys
tems on the reproducibility of retention indices is discussed.

- - - - .... . .__. _- .. _- - - ..~-_. ~~-_._---

INTRODUCTION

Capillary gas chromatography (GC) has been widely adopted on account of
the much higher resolution capacity of capillary columns compared with packed
columns. The reproducibility of retention indices measured in various capillary col
umns in one laboratory and, particularly, in different laboratories has, however,
remained unsatisfactory. This fact limits the practical utilization of capillary GC for
peak identifications based on retention data, which is important for the characteri
zation of unknown compounds.

There are two ways of overcoming this : either to obtain capillary columns with
identical properties or to search for methods that will improve the reproducibility of
retention data. Unfortunately, the preparation of capillary columns with identical
properties is very complicated and almost impossible in practice.

In this work an attempt has been made to obtain reproducible retention data
even under conditions involving adsorption in gas-liquid systems. The separation of
hydrocarbons was selected as a model as it is assumed that the problem of reproduc-

* Presented at the 6th International Sympo sium .•Advances and Application of Chromatography in
Industry" . Bratislava , September 16-19. 1980.

0021-9673/81/()()(){)-()()OO/S02 .25 «) 1981 Elsevier Scientific Publishing Company
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ibility of retention data of hydrocarbons is less serious than with other compounds.
In this paper, as in earlier papers':", it is assumed that the lower reproducibility

of the retention data obtained by GC is caused by adsorption interactions of the
compounds being chromatographed on gas-stationary phase or stationary phase
column wall interfaces, which are difficult to control. We found a noticeable influence
of the thickness of the stationary phase film on retention indices:'. The problem of
adsorption has recently been discussed by Fritz et al" and the influence of the thick
ness of the stationary phase film in glass capillary columns on the retention data has
also been investigated", Berezkin ' proposed the following relationship for-retention
indices:

(I)

where 10 is the limiting value of the retention index determined only by the dissolution
of the chromatographed compound in the stationary phase, a/ is a constant charac
terizing adsorption of this compound in the given system (carrier gas-stationary
phase-column wall) and k is the capacity ratio of a standard compound, the adsorp
tion of which can be neglected in the given system.

Now, eqn. I has been compared with experimental data for the separation of
hydrocarbons in glass and metal capillary columns coated with stationary phases of
varying polarity. The reproducibility of the 10 values was evaluated and its depen
dence on the type of homologous series of the compounds used as reference standards
was investigated.

EXPERIMENTAL

Gas chromatographic measurements were performed with a Carlo Erba GI
452 gas chromatograph equipped with a flame-ionization detector.

Stainless-steel capillary columns (50 m x 0.25 mm 1.0.) (Laboratory Instru
ments, Prague, Czechoslovakia) were washed with n-hexane and benzene prior to the
measurements. They were then coated by the dynamic method with solutions of 1,2,3
tris(cyanoethoxy)propane (TCEP) in acetone of various concentrations in order to
obtain capillary columns with various thicknesses of the stationary phase film.

Glass capillary columns were prepared of soft soda-lime glass (Unihost, Glass
works, Jablonec, Czechoslovakia). The glass surface was roughened with methyl
trifluoroethyl ether before the columns were coated with Carbowax 20M, and when
Apiezon L was used the surface was roughened with concentrated hydrochloric acid
and deactivated with trimethylchlorosilane. Stationary phases were coated on the
columns by the dynamic method using a mercury piston in such a way that columns
with various film thickness were obtained. In order to obtain a thicker film of Car
bowax 20M, the surface of one column was covered in advance with barium car
bonate. Long glass capillary columns (up to 300 m) were obtained by joining shorter
coated columns by means of PTFE tubing:'.
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Application of equation J
Table I gives retent ion ind ices for benzene measured at 50°C in stainless-steel

capillary columns with various TCEP coatings. Table II gives analogou s data for 0

xylene obtained under the same conditions. These data arc shown graphically in Figs.
l and 2 as the dependences 1 = f(k) and I = f(l /k).

TA BLE I
RETENTION INDI C ES. CA PAC ITY RATI OS AN D R ECIPROC AL CA PAC ITY RATIOS OF
BENZE N E ON TC EP COL UM NS AT 50"C

CO IIlIllIl l~f;'P k l /k

770.0 0.03 35.7
:2 1014.5 0.:25 4.00
3 1049.7 0.69 1.45
4 1060.2 0.42 2.39
5 1109.0 1.01 0.99
6 1111.9 1.04 0.96
7 1124.0 0.97 1.03
8 1146.6 un 0.53
9 1169.0 2.50 0.40

10 1180.6 5.12 0. 19

TA BLE II
RET ENTI ON IN DICES. CA PACITY RATI O S A N D R ECIPROC AL CA PAC IT Y RATIOS OF
o-XY LE N E O N TC EP COL UMN S AT 50'C

The experimenta l result s do not disagree substantially with eqn. I; one exper i
mental point obta ined at a sma ll thickness of the sta tiona ry phase film (low value of
k ) is the only exception. Despite thi s, the limiting values of 10 were determined with
an accuracy that is not suffici ently high . Thus, for benzene 10 = 1163 ± 30 and (J / =
- 42.4 ± 7.6 with a regression coefficient r = 0.90 ± 0.25, and for o-xylene 10 = 1405
± 38 and (J / = - 245 ± 54 with r = 0.84 ± 0.36.

Hence the determination of 1 for n-alkanes as sta ndard compounds for the
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Fig . I. Dependence of retent ion index of benzen e (n-alkanes as standards) on ca paci ty ratio or its re
ciproca l (I l k) , obt a ined by measurement at 50°C in nine metal capillary columns coated with TC EP.

Fig. 2. Dependen ce of retent ion index of o-xylene (n-alkanes or n-alkylbenzenes as standards) on ca pacity
ra tio or its reciprocal (I lk), obtai ned by measurement at 50°C in ten metal cap illar y columns coa ted with
TCEP.

determination of Ko vat s retention indices is not precise enough and reflects the ob
vious influence of the adsorption of n-alkanes on the polar stationary phase. In this
connection it is worth noting that a/ is a much larger negati ve value for o-xylene than
for benzene . As mo st of the measurements (eight out of ten) were performed in the
same capillary columns, this difference is associ ated with the use of different n-alk ane
standa rds for the expression of the retent ion of o-xy lene to those used for benzene
(adsorption increases with molecula r weight).

Influ ence of homologous standards 0 11 the variance of 10 values
It was shown earlier! that the dependence of retention data on the amount of

sta tionary phase in the column can be reduced significantl y for polar stationary
phases by replacing homologous series of n-alkanes with series of other compounds
that are readily soluble in the sta tionary phase. This is why the measurements were
performed with the use of homologous series of n-alkylbenzenes as standards (Table
II). The precision of the determinat ion of 10 values improved significantly and the
value of a/ characterizing the adsorption was reduced substa ntia lly in this case : 10 =
908.3 ± 2.0 and a/ = -lOA ± 4.0 with I' = 0.68 ± 0.90. The results obta ined
confirm the assumption tha t adso rption represent s a significant contribution to the
retention of n-alkanes in the column with TCEP.

Table III summarizes the values of 10 and a/ for isomeric l1-pentadecenes sep
ara ted in three glass capillary columns coated with Car bowax 20M and for two types
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TABLE III
VALUES OF 10 AND a j CALCULATED FOR n-PENTADECENE ISOMERS SEPARATED ON
CARBOWAX 20M AT I ro-c

--- --_.
n-Pentadecene n-Alkane standards l-Alkene standards
isomer - - ---- ---_._-- --- ----

10 s* a j s* 10 s* a j s*
-_..•._ - - - - - - _.._- - _ .-- "._ ----- -_._-_.._-- - - - - - ---- ------- - --- -- - _ ..-

cis-l - 1525.4 3_0 -11.7 L3 1476.8 1.7 \.9 0.74
cis-6- 1528.5 2.9 -12.1 L3 1480.4 \.6 1.2 0.72
cis-5- 1533.7 4.8 -13. 5 2.2 1485.9 0.2 -0.2 0.15
cis-4- 1539_9 4.4 -14.5 2.1 149\.9 0.3 -0.4 0.12
cis-3- 1548.4 5.0 -16.0 2.4 1500.5 0.1 - 1.4 0.02
cis-2- 1576.4 7.2 -23.6 4.0 1529.0 2.2 -7.4 1.21

trans-I- 1526.2 3.6 - 9.6 \.6 1477.9 1.1 3.8 0.50
trans-b- 1528.2 3.5 - 9.7 1.6 1479.6 \.5 3.9 0.69
trans-5- 1531.1 3.5 - 10.4 1.6 1482.8 1.4 3.5 0.65
trans-4- 1533.0 3.8 - I I.l 1.7 1484.5 0.6 3.0 0.26
trans-s- 1542.6 4.9 - 13.6 2.4 1493.7 0.1 \.6 0.04
trans-I- 1562.2 6.4 - 18.4 3.4 1514.4 1.7 - 2.7 0.89

1- 1547.9 5.0 - 14.7 2.5
. .._-_ .- ----- - -- -- . . . • _ _ . 0 - _ _ _ _ . • ._- ------ _ ._- - - --

* s = standard deviation.

of standards, n-alkanes and l -alkenes' . The application of I-alkenes made it possible
to improve the reproducibili ty of /0 values and to reduce at values 2-50-fold in the
former instance and 3-70-fold in the latter. However, certain characteristic differ
ences in the reproducibility for individual isomers were maintained, but they can be
correlated with the structure of the compounds. Thus, not even I-alkenes as stan
dards for the expression of retention indices eliminated entirely the influence of ad 
sorption on the reproducibility of the retention indices of II-alkene isomers on the
polar stationary phase. It can be assumed that this effect will increase with increasing
polarity of the stationary phase .

Retention indices were-measured for n-pentadecene isomers depending on the
thickness of Carbowax 20M for three groups of homologous sta ndards: II-alkanes, 1
alkenes and l -ethyl-2-alkylbenzenes (Fig. 3). The least variance of the retention in
dices was obtained for l -alkencs, i.e., for the compounds most close ly related in
chemical character to the compounds under analysis. As it is mixtures of compounds
of different types that are analysed in practice, the selection of suitable reference
substances for polar stationary phases will be pro blematical (see also ref. 4).

The effect of adsorption on the retention index of an II-alkene in capillary
columns with a non-polar stationary phase is, as expected, substantially lower. 1
Pentadecene was ana lysed in four capillary columns coated with Apiezon L and the
capacity ratios at 164°C were in the range 0.40-1.873 . When II-alkanes were used as
standards, the value of /0 was 1489.6 with a standard deviation of 1.0 and the value of
Gj was -0.38. The influence of ageing on the retention indices of hydrocarbons,
caused by the loss of part of the stationary phase from the column, is for the same
reason also substantially less with a non-po lar stationary phase" ,
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Fig. 3. Depend ence of retention ind ices of all u-pentad ecene isomers on reciprocal of capacity ra tio of 1
ethyl-2-penty lbenzene. obta ined by measurement a t IIO"C in thr ee glass ca pillary co lumns coa ted with
Carbowax 20M and with the use of II-alkanes. l-alkenes and l-ethyl-2-alkylbenzenes as standard com
pounds for expr essing retention indices (c = cis. I = trans, 1- = I-pentadecene).

CO NC LUS ION

Experimental data for hydrocarbons separated on both polar [1 ,2,3-tris(cya no
ethoxy)propane, Carbowax 20M] and non-polar (Apiezon L) stationary phases
appear to be in general agreement with relationship 1 = 10 + a, . 11k. With the polar
sta tionary phases, the reproducibility of the limiting values of /0 depends significantly
on the type of homologous ser ies of the compounds used as standard substances for
the expr ession of retention indices, with the variance increasing as the adsorption of
the standa rd and the compound under analysis increase s. By selecting homologous
compounds other than II-alkanes, the reproducibility of /0 values can be improved
significantly in cert ain cases. Retention indices can be obtained with good reproduc
ibility only on stationary phases in which both the analysed and standard compounds
dissolve well, i.e., in systems in which adsor ption plays a subsidiary role .
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SUMMARY

The selectivities of some paraffinic stationary phases were compared for the
non- polar solutes and solutes of low polarity. A linear rela tionship between the loga
rithm of relati ve retent ion and the reciprocal of the number of meth ylene groups in the
sta tiona ry phase molecule was found; th is relati on ship is recommend ed for use in
predicting relative retentions within homologous series of stationary phases. Errors
that ar ise when relativ e retentions for on e paraffinic stationary phase ar e used to
predict tho se of another are discussed.

INTRODUCTION

The widely used par affinic sta tiona ry ph ase squa lane has zero po larity on the
Rohrschne ider scale. Other paraffin ic stat ionary phases seem to ha ve the same po
larity, but the selectivity of these liquids towards different solutes may differ. Un
fortunately, the col umn temperature that can be used with squalane is restri cted , with
a maximum of SO- I OO°e. Man y high-m olecular- weight liquid para ffins have been
proposed for use at higher column temperatures, but they were usually mixtures of
polymers with different molecular weight s, which precluded the det ermination of
reproducible result s. Only one pure par affinic sta tiona ry phase, namel y the CS 7

branched-chain par affin, was found to be a possible standa rd non-polar stationary
phase for gas-liquid chroma tography (G LC)1,2, with an operating ran ge of 40
260°e. The standa rd non-polar packing was prepared by coating th is liquid on a
support deactivated by Carbowax 15M 3

.

The CS7 branched-chain par affin was introduced onl y recentl y, so most of the
available retention dat a were determined on different hydrocarb ons. It would be
useful if these data could be used to pred ict results with the new standard non-polar
stat ionary phase. No comparisons of the selectivities of par affinic station ary phases
that differ mark edly in mo lecular weight or str ucture ha ve been reported.

Some paperst" have discussed the influence of molecular weight of paraffinic
sta tionary phases on specific reten tion volumes (Vg ) . Vy values, molar heat s of so
lution and activity coefficients for non-polar solutes have been determined in different
lI-paraffi nsb

-
12

• but no conclusions about selectivity were drawn. A considera ble in-

002 1-lJ673/8 IjOOOO- OOO(J/S02_50 ,.-: 198 1 Elsevier Scient ific Publishing Compa ny
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fluence of the purity of squalane on selectivity towards solutes of low polarity has
been found 1 3

•
14

, so that published retention data for these solutes on paraffinic
stationary phases may be inaccurate.

Therefore, it seems useful to compare paraffinic stationary phases in two steps:
(i) comparison of published retention data for non-polar solutes and (ii) con sider
ation of new retention data for solutes of low polarity on purified stationary phases
determined under the same experimental conditions. This paper will discuss these two
steps.

THEORETICAL

The total selectivity of the stationary phase , r (relative retention) , can be con
sidered much more simply when it is divided into two parts, enthalpic and entropic.
Relati ve retention may be expressed as ratio of two partition coefficients (Kd or
specific retention volumes. When the thermodynamic partition coefficient (K) is used ,
the following equation for molar heat of solution (L1HJ and molar entropy of so
lution (L1Ss) may be written :

- R T ln K = L1 Hs - TL1Ss

where R is the gas constant and T (OK) is the column temperature.
Now ,

(1)

(2)

where A L is the amount of stationary phase (moles) per unit volumc'V'". Taking into
account the relationship between KL and Vg, we can write

(3)

Eqn . 3 indicates the relat ionship between Vg and the energy of the intermolecular
forces , L1 Hs•

Let us consider the homologous series of n-paraffinic stationary phases. The
molecules con sist of two different structural groups, methyl and methylene . These
groups differ in their energy of dispersion inter action with their environment: the
relative values of the dispersion forces! " of this interaction are 4.65 and 2.05 units
when intramolecular shielding is taken into account. Only two methyl groups are
present in each n-paraffin molecule (one at each end), and therefore the longer the
molecul e the weaker are the overall dispersion forces because of the increasing number
of methylene groups in the molecule.

The solute molecule is much shorter than the stationary phase molecule and
interactions take place between part of the stat ionary phase molecule and the whole
solute molecule. When there is no steric hindrance, the solute molecule has to make
contact with the part of the stationary phase molecule that contains a methyl group.
However, there is some probability in solution for different groups to make contact.
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The longer methylene chain, the lower is the probability that a solute molecule will
make contact with a methyl group. Then we can write the following relationship:

(4)

where III is the number of methylene groups in the stationary phase molecule.
The validity of eqn. 4 may be proved by plotting experimental In Vg values

versus Illl l (ifit is assumed that In Vg depends mainly on JHs for the case concerned).
Fig . I shows that eqn. 4 is valid for each series of the experiments; because of poor
reproducibility of Vg, the values obtained in different laboratories are not identical.
When discussing the data in Fig. lone must take into account that the stationary
phases relating to lines I and 2 relate to branched-chain hydrocarbons.

Relative retention data have much better inter-laboratory reproducibility than
Vg , and therefore it would be preferable to consider relative retention as a measure of
the selectivity of stationary phases :

-RTln r = JH~ - TJS~ (5)

where JH~ and JS~ are relative valu es of the functions . However, the relative reten
tions are more difficult to consider because the retentions of two solutes have to be
taken into account.

6.0

3
InVg

~'
5

4
5.0

~'

4.00~-----'---~-_.L-_--',-------,----,-

1/n,10 2

Fig. 1. Relationships between In Vg and l in t . Data for lines 1-4 were ca lculated from ref. 4 and those for
lines 5 and 6 from ref. 6. Lines J and 3 = n-nonane; 2. 4 and 5 = n-octane; and 6 = n-heptane. Column
temperature. IOODC.
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Generally, isoparaffins are to be preferred to n-paraffins as sta tionary phases
for GLC because they have lower melting points and therefore a wider operatin g
range. For exa mple, the C ll ? branched-chain paraffinic stationary phase ha s a melting
point of about 35°C with a ma ximum co lumn temperature of 260"C. However, some
retention data have been determined employing /I-paraffin stationary phases, espe
cially for use in theoretical studies.

It is useful also to compare the selectivities of different isomeric station ar y
phases. Theoretical predictions ab out the influence of structural changes of the
stationary phase molecule on the selectivi ty are impossible because no informa tion
exists about the real conform ation of the mol ecules in solution. Therefore, it is de
sirable to consider both reported retention data and new data together in order to
establish variations for different paraffinic stationa ry phases.

EXPE RIMENTAL

Reagents and apparatus
Retention data were determined by using a Varian Model 1860 gas chromat o

graph eq uipped with a fl am e-ionization detector (FI D). The stainless-steel column ( 1.5
m x 3 mm 1.0.) was packed with 10% of the sta tio na ry ph ase on Chromato n N
Super (Lachema , Brno, Czechos lova kia), 0.20-0.25 mm . All freshly prepared pack
ings were conditioned for 15 h at the maximum co lumn temperature. Helium was
used as the carrier gas.

Th e solutes were injected by gas or liquid syri nges depending on the boiling
point. When liquids were injected the injec to r temperature was maintained 20e,C
higher th an the co lumn temperature. Retenti on data were determ ined at column
temperatures from 35 to 60°C.

C 19 , C ZI , C Z3 and CZ4 n-paraflins and squ alane were purifi ed by passage
through a silica gel column. n-H exan e (the standard) , n-heptane, cyclohexane, 1
heptene, benzene, chlor oform and d ichloroetha ne were used as the solutes. Only
single so lutes were injected .

Calculations
Methan e was used for dead time measurements. The In r va lues were plotted

aga inst IIT for four or five co lumn temperatures and the smoothed r va lue was
ca lculated for a standa rd tempera ture of 50n C. The relati ve molar heat of so lutio n
was calcul ated graphically by using the equa tion

(6)

where the subscr ipts I and 2 refer to d ifferent co lumn temperatu res.
T he mean relat ive sta nda rd deviati on of the r va lue was abo ut 0, I <;,;; and th at of

.JIt ; was 3 %. .
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0 .8 1.05
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Fig. 2. Relat ion shi p between In rand 1/11, fo r (with II-hexan e as the sta ndard and II-hept an e as the so lute) .
Point A refers to squa lane. • . Calcula ted fro m ref. 12; x , calcu lated fro m ref. 6 (In r sca le 0.7- 0.9).
Two lines ( I and 2) were const ructed from origina l da ta (In r sca le 0.95- 1.10). For line 2 three branched
chain pa raffin stationa ry phases were used (see text)!".

RESULTS AND DISCUSSION

Para ffini c solutes
The relationship between the r value of II-heptane (with II-hexane as sta ndard)

and 1/11 1 is shown in Fi g. 2. The III value for sq ua lane (as for other branched-ch ain
paraffins) was calculated by subtracting the contributi ons du e to tw o carbon atoms in
the molecule. The experimenta l points taken from refs. 6 and 12 show no clear correla
tion. Th e o riginal points for C 19- C23II-paraffins lie on a common line without marked
deviations. Relati ve ret ent ion increa ses proportionall y 101 /11 1: hence th e slo pes of In
Vg and In r versus 1/11 1 are of opposite sign. The increase in th e density of the homol
ogous seri es of l1-paraffin s seems to be the main rea son for the increase in the selec
tivity of th e stationary phases.

The point for sq ua lane (A ) is below th e line for the l1-paraffins. whi ch ind icat es
clearl y the influence of molecular structure on select ivity . The three high-molecul ar
weight sta tio na ry phases used (squalan e, C 8 7 a nd polyisobutylene, molecul ar weight
2000: data from ref. 18) have different molecul ar structures. which explains the devi 
ation of th e poin ts from the common line (line 2).

The data in Fig. 2 allow o ne to pred ict ch an ges in relati ve retentions for 11
paraffins from on e sta tionary ph ase to another. For exa m ple, the relative retenti on s
on the CJ O II-paratlin a nd squalane d iffer by 2 ~/':) a nd th ose on the CJ O and C4 0 11
paraffins by 1.2 %.

A similar relat ion ship is o bserved for relative molar heats of solut io n (Fig. 3).
A slight decrease in iJH '; is seen for th e o rigina l data . About the sa me va ria tio ns are
obtained for th e entro pic selectivity !": th e va lues are - 0.95, - 1.006 . - 1.01 1 and
- 0.937 for the C19, C21a nd C2311-pa ra lfins a nd sq ua lane, respecti vely. On co mparing
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Fig. 3. Relationship between !JH ; fo r II-heptan e and 1/11, (with II-hexane as the standard). x , New data; • .
dat a from ref. 12.
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Fig. 4. Relationship between r for branched-chain heptanes (with II-heptan e as the standard) and number
of carbon atoms in the II-paraffin station a ry phase molecule. I. 3-Methylhexane; 2. 2.3-dimethylpentane; 3,
2,4-d imethy1pentane; 4, 2-methylhexan e.

the influences of IJH~ and the entropic selectivity it can be concluded that IJH~ is the
dominating factor.

The relati ve retentions for branched-chain hept ane s (with II-heptane as the
standa rd) (Fig. 4) were calculated from refs. 6 and 12. No clear relationships were
observed for the solutes, the r values deviating by 1.5-3 :J;;. On comparing the se data
with th e relative retentions for n-par affins it seems that the tr end s and de viation s are
similar.
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3
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l/n,1(J
Fig. 5. Relationship between In r and I ln l (with n-hexane as the stand ard ) for (I) cyclohexane, (2) heptene
I, (3) d ich loroe thane, (4) benzene and (5) chloroform. The In r scale - 0.1 to 0.2 relat es to lines 3 and 5;
scale 0.4-0.7 relates to lines I and 4; line 2 lies between In r values of 0.8 and 0.9.

Solutes of low polarity
Fig. 5 indicates a gener al tendency for r to increase with decreasing l in!,

corresponding to the relationship for n-paraffins. Thus, thi s relat ion ship appears to
be genera lly applicable to solutes with different molecular weight s and polarities. It
should be noted that for solutes of low polarity some deviat ions from the common
line are observed so that the precise slope cannot be evalu ated. To a first approxima 
tion, the slope depends mainl y on the geometrical form of the solute mol ecules (see
the dat a for benzene and cyclohexane) .

Some relat ive mol ar heat s of so lution for the solutes of low polar ity are plotted
versus l in t in Fig. 6. A general correlation of In r and A H~ with l int is ob served in
Figs. 5 and 6. On increasing the molecular weight of the sta tiona ry phase, the relative
retentions increa se also.

Int erestin g data were reported recently'" on a compari son of squa lane and CS 7

stationary phases for the sepa ra tion of pentadecene isomers. It was sho wn that for
many isomers the Kovats retent ion indices are 0.1-0.7 un its lower on CS 7 than on
squalane: for only th ree isomers were the retention indices grea ter (by 0.1-0.4

1.0
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Fig. 6. Relat ionship between LJ H~ and I lnl for (I) chloroform and (2) benzene. Point s A and B refer to
columns containing 5 'I~ of the sta tiona ry phases ' s.
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units) on CS 7 ' Th ese dat a for olefins illustrate the limits of the errors when the
retention data for squalane are used to calculate tho se for Cll7 (about 1.5 unit s for the
case concerned).

CONCLUSIONS

The relationships presented here allow some conclusions to be dr awn about the
calcul ation of the retention data for one paraffinic stationary pha se from tho se for
another. Th e most important practical problem is the calculation of hydrocarbon
retention dat a for CS 7 from values for squalane. Data for II-paraffins indicate that the
relati ve retentions of paraffinic solutes differ by 1.6 % between these two station ary
phases, which corresponds to 0.7 Ko vat s retention index unit. Thi s value is less than
the inter-laboratory reproducibility of the determination of paraffin ret ention dat a on
a non-polar stationary phase. Thus, the retention data for isoparaffins on squalan e
may be transferred to Cj, by taking into account the slightl y greater retention indices
(about 0.5 retention index unit) for C1l7 • This is of great importance because retention
data for isoparaffins on squalane are available for isomers up to C 10 '

Other classes of hydrocarbons show greater changes in relati ve retention be
tween squalane and CS7 ' For example, the relati ve retention of benzene is 9.5 %
higher on the latter. Similar result s were obtained for solutes of low polarity. There
fore , preliminary experiments are necessary for each class of solutes in order to
establi sh whether it is possible to predict retention data for CS 7 from those for
squalane.

When using relat ive retentions within homulogous series of the paraffinic
stationary pha ses to predict those of other members, it is reason able to use the
relationship between In ,. and I/nl (Figs. 2 and 5). Data for squalane are always below
the common line for II-paraffinic stationary phases.

The results presented emphasize once again that even par affinic stati onary
phases must be very pure products and technical mixtures similar to hydrogenated
Apiezons cannot be recommended for use in G LC.
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SUMMARY

A copper tubular electrode (CTE) has been used as a potentiometric detector in
the determination of amino acids by reversed-phase high-performance liquid chro
matography. The reference electrode was an electrically grounded tubular platinum
electrode inserted in the flow stream. Comparison with a variable-wa velength UV
absorbance detector showed that the CTE gave comparable response time and sensi
tivity, but was much more selective, showing response onl y to copper-binding mole
cules. The CT E has been applied to the analysis of urine and an intravenous amino
acid preparation; no sample pre-treatment was requ ired, other than filtration . Mi
crogram quantities of amino acids were readi ly detected by using the CTE.

INTR OD UCTI ON

Various detection systems ha ve been used for the determination of amino acids
by high-performance liquid chromatography (HPLC). Detection by UV absorbance
at the usual wave length of 254 nm is not optimal for amino acids (due to their low
absorpti vity), and it is necessary to employ a wavelength of 200 nm for sa tisfactory
results ': Use of such a sho rt wavelength introduces problems of sol vent purity. More
sensitive detection may be achieved by using the fluorescence or chemiluminescence
properties of amino acid derivatives, particularly 5-dimethylaminonaphthalene -1
sulphonyl (Dn s) derivati vesv '' formed by use of pre - or post-column reactions.

The capacity of amino acids to form complexes with metal ion s is well recog
nised" and has been applied to HPLC through the use of a copper-selecti ve mem
brane electrode for detection in the ana lysis of amino acids". Am ino acids were
indirectly detected by monitoring the reduction in free copper ion activity resulting
from post-column reaction between the eluted amino acids and an added copper ion
solution. Thi s system, although sensitive, has a number of inherent disadvantages,
including peak broadening resulting from the excessive post-column volume intro
duced by the reaction coil, slow electrode response and a high susceptibility of the
electrode to poisoning by complexing agents":".

0021-9673/81/0000---0000/$02.50 (0 1981 Elsevier Scientifi c Publi shing Company
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In this paper, we describe the use of a copper tubular electrode (CTE) as a
sensitive and selective detector in the analysis of amino acids by HPLC. Alexander
and Maitra" have recently reported the use of copper wire and CTE electrodes as
sensitive universal detectors in continuous-flow systems, in which they were found to
be superior to the copper-selective membrane electrode for direct quantitation of
amino acids. This system is shown to be useful as a detector for amino acids without
post-column reaction of the eluted amino acids with copper ions.

EXPERIMENTAL

Instrumentation
A schematic diagram of the flow system used is shown in Fig. I. In this system,

a Waters Assoc . (Milford, MA, U.S.A.) Model 6000 solvent pump, a Waters Model
U6K injector, a Waters Model 450 variable-wavelength detector and the electrode
detector were linked serially in flow to each other. The electrode detector (see Fig. 2)
consisted of two tubular electrodes, one of copper and one of platinum, both of which
were connected to an Activon voltage offset controller ( ± 1.5 v), and the platinum
electrode was grounded. The outputs from the UV detector and the voltage controller
were linked to a two-pen Omniscribe Model B5271 recorder, which had a lO-mV
input.

B L) SAMPLE L) ABSORBANCE
INJECTOR OETECTOR

----
-- 0.....-

PLATINUM

.... - ELECTRODE
-,..,

I
I

TWO- PEN VOLTAGE OFFSET

0
-L

-~-
RECORDER CONTROLLER

" " " '"" " "
TUBULAR
COPPER

ELECTRODE

0
S

Fig . 1. Schematic diagram of flow system for HPLC analysis with a UV absorbance detector in series with
the platinum reference electrode and the CTE: The arrows represent the flow-path; - - - represent
electrical connections.

The components of the electrode detector system were as follows. The internal
flow CTE was constructed from copper rod 0.5 em in diameter and 2 em in length.
This rod was precisely drilled to give an J.D. of 0.75 mm for the flow-path, the length
of which was varied over the range 0.5-5.0 mm (I mm was the most frequently used).
The platinum electrode was a l-cm length of platinum tubing (0.75 mm 1.0.) sand-
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Fig. 2. Diagram showing co nstruc tion of the CT E and platinum reference electrode. A
tubing; B = PT FE mou ld ing; C = plati num elect rode.

PTFE Flow

wiched between two pieces of PT FE tubing (see Fig . 3), which served both mech ani
cally to support the platinum electrode and to provide a mean s of attaching the flow
tubin g used to connect the various compon ent s of the system.

Reagents and stock solutions
Am ino acids were obtained from various sources : glycine from BDH (Poo le,

Grea t Brit ain); valine from Ko ch-Light (Colnbrook, Great Britain ); I-isoleucine from

FLOW FROM

ABSORBANCE OETECTOR

COPPER
ELECTRODE

FLOW TO

" <, WASTE
<, ...,..

Fig. 3. System used for connec ting the platinum reference electro de and the CT E.

ELECTRODE

/ WIRE CONTACT
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BDH ; methi onine fro m NBC (Cleveland, OH , U.S.A.) and phenylalan ine from
Merck (Da rmsta dt, G. F.R .). The amino acids were used without further purification,
and standa rd solutions were prepared immediately before use by dissolving weighed
amo unts in a buffer solution (pH 6.7) prepared from AR-grad e sodium hydr oxide
and po tass ium dih ydrogen phosph ate (BDH).

Volucon sta nda rd buffers were used to calibrat e the pH meter.
Th e mobile phase used for the HPLC separation of amino acids was prepared

by mixing 50 ml of 1 M Na H 2 P0 4 , 19.2 ml of I M NaOH and 10.0 ml of 40 % (w/v)

forma ldehyde in a 1-1 volumetric flask; the solution was then dilut ed to the mark to
give a final pH of 6.7 ± 0.1. All water used for the chroma togra phic procedure was
disti lled and passed through a Millipore Q water-purification system before use, and
methanol was tr iply distilled in all-glass apparatus.

Th e urine control sample was obta ined from T raveno l Lab s. (Costa Mesa. CA.
U.S.A.) and was freshly recon stituted before use. The pharm aceutical intravenous
amino acid solution was also obtained from Travenol, under the trade name "Syn
thamin IT, and contained nine essential and six non-essenti al amino acids in con
centra tions ranging from 400 mg to 21g per litre; this solution was diluted by a factor
of 25 for chromatographic runs . Both urine and the intravenous solution were filtered
thr ou gh a 2.5-pm Millipore filter before injection into the chroma to gra ph.

Chromatographic procedure
Sepa ra tion by HPLC was acco mplished at 25'T on a p Bonda pa k C IS column

(30 em x 3.9 mm 1.0.; Waters Assoc .). The column was sta nda rd ised by using the
man ufactu rer 's recommend ed procedure? and gave counts in the region of 4000
theo retical plate s. Th e mobile-ph ase flow-rate was set at I ml/rnin (unless otherwise
stated). producing a back pressure of 1000 p.s.i. The absorbance detector was oper
ated at 200 nm with a sensitivity setti ng of 0.1 a.u.f.s.

In this study. all eluted compo unds were detected both by the UV detector and
the CTE, and the peak s were displayed on the two-pen record er (chart speed of 1
ern/mi n). Each dat a point show n represent s the mean of tr iplicate injections.

To prevent a decrease in sensitivity of the CT E due to poisoning, the elect rod e
surface was period ically regenera ted by rapid flushing with 5 ml of 8 M HN0 .l
followed by 20 ml of distilled water and 20 ml of meth an ol. When the electrode was
stored in the flow system. a so lvent consisting of methanol- water (50 :50, v/v) ad 
justed to pH ~ 5 was used to prevent deterioration of the electrode.

RESU LTS AND DISCUSSI ON

Mobile phase
The effect of p H on the response of the CTE was discussed in a previous

paper", wherein it was show n that sensit ivity for am ino acid detection was greatest at
high pH values. In this work, the optimum pH for the mobile phase was 6.7. which
represent ed a compromise between maximum sensitivity and the preventi on of elec
trode po isoning.

Fig. 4 shows a typical chro ma tog ram of a sepa ra tion of five amino acids with
the CTE as detector.

A slightly acidic mob ile phase was necessary to d iscourage the form at ion of
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Fig. 4. Chromatog ra m of a n amino acid mixture (I Ill) injected into a rever sed -ph ase co lumn co upled to the
electro de detector system. Peak s : A = glycin e (6.6 jlg) ; B = val ine (5.2 jlg) ; C = meth ionine (2.8 jlg); D =
isoleucine (3.9 ug): E = phen yla lani ne (1.9 Ilg).

inso luble cupric hydroxides. carbonates and phosphates on the inner surface of the
CT E. The ready formation of such compounds in alkaline media would result in
potenti al dr ift , lead ing to error in the mea sured concentration! ".

The purpose of formaldehyde in the mobile ph ase was to repress negative
deviat ion of the baseline, which occurred most prominentl y before the peak s du e to
such sulphur-conta ining amino acids as meth ion ine and cysteine . The exac t mecha
nism whereby formaldehyde can eliminate such negati ve baseline deviati on s is not
clear, but its reducing properties ma y assist in improving the rate of exchan ge of the
amino acids on the elect rode surface. It is known 8

•
t O that the mild reducing properties

of form aldehyde prevent oxide film format ion at electrod e surfaces. and it was added
to the mobile phase for the same reason s as previou sly rep orted 'v' " for use with
cop per membrane electrodes, th at is, to give baseline sta bility . Fo rma ldehyde did not
affect the amino acid pea k height s as show n in Fig. 4.

Referen ce electrode
The platinum tubular electrode shown in Figs. I, 2 ancl 3 was used for two

purp oses. First , it acted as a n auxilia ry electrode to redu ce elect rical noi se; secondly.
it served as a reference electro de to the CT E. Since it was electrica lly gro unded, the
reference used was the earth pot enti al. Thi s co nfiguration was ado pted onl y after
considera ble experimenta tion with co nventional reference elect rodes; however, we
found that the electrically gro unded platinum electrode gave grea test sensitivity and
least baseline noise.

Electrode flo w-path
With glycine as represent ati ve amino acid, the electrode response was stud ied
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as a function of the length of the electrode flow-path for solutions of three different
concentrations of glycine (5.8, 11.5 and 17.4 ji g/jil ). In all instances, the electrod e
signa l reached a ma ximum for a flow-path of 1.0 mm .

Poor response for very short flow-paths is considered to be due to the relatively
short residence times of the amino acid ligand s in the electrode, whereas reduced
respon se in the longer-pat h-length elect rod es is due to samp le-dispersion effects . The
opt imum flow-path length of I mm was adopted in all further work.

Flow-rate
Th e effect of flow-rate on response time and sensitivity was st ud ied by remov

ing the HPLC column, replacing it with a suita ble connecto r and then inject ing
glycine solution (3.4 jig / ji l) at various flow-ra tes. Values of I m a x. ' the time requi red to
reac h the maximum of the chroma tog ra phic peak , were measured for eac h flow-rate;
the results are shown in T abl e I.

TABL E I
RESPON SE CHA RACTE RISTICS OF T HE CT E A ND ABSORBA NCE DETECTORS AT
VARI O US FLOW- RATES

Flow-rate Peak heigh I (mm ) 1m " . ( sec)
{fill/mill} - --- .._-

U V detector e TE UV detector eTE
- - -----

0.5 122 98 24.2 n.O
1.0 90 88 13.3 15.8
2.0 57 74 6.9 8.5
3.0 42 63 4.6 5.5
4.0 37 58 3.5 4.0

._- .__.

In agreement with our earlier find ings", the CTE respon se improved with in
creasing flow-rate; however, this was acco mpanied by a decrease in sens itivity du e to
the decreased residence time of the ami no acid in the electrode. The response time of
the CTE compared favo ura bly with that of the absorba nce detector, whereas the
sensi tivity of the CTE (as measured by peak height) was less depend ent on flow-rate
than was tha t of the abso rbance detector. It is clear that the optimum fl ow-rate wo uld
represent a compro mise between respo nse and sensit ivity; in this work we used a
flow-rate of 1.0 ml/min ,

Th e relationship between flow-rate and reso lut ion was a lso examined to pro
vide additional informati on on the resp onse of the CTE . Injection s of I pI of a
so lution conta ining 11 .5 jlg/ j l l of glycine and 8.8 Jig/ill of isoleucine were mad e at
var ious values of solvent flow-rate and the resolution (RJ of the two resul ting peaks
was calculated by using the conventio nal formul a 1 1 . Fo r values of R, < 0.8, pea ks are
conside red to be onl y parti ally reso lved, whereas R, > 2 ind icates reso lutio n with at
least two peak -base widths betwee n peak ma xima. The result s are show n in Fig. 5.

A decrease in reso lut ion with increasing flow-rate was obse rved for both the
absorbance detector and the CTE , but the resolu tion achieved with the absorbance
detector declined much more rapidly tha n for the CTE. It is noteworthy, however ,
that, at all flow-rates tested , the UV detector gave slight ly su perior reso lut ion.
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Fig. 5. Resolution (RJ of glycine and isoleucine at different flow-rates obtained using the electrode detector
(6) and the UV absorbance detector (0).

Calibration
Calibration curves for glycine, valine and isoleucine were prepared by using

both the absorbance detector and the CTE. Linear plots were obtained with the UV
detector for the three amino acids in the concentration range 0-25 /-Ig/ /-11. The cali
bration plots obtained for the CTE were non-linear and are shown in Fig. 6; the
electrode response follows the elution order glycine, valine, isoleucine. The shapes of
the CTE calibration plots are similar to those obtained by Loscombe et al? in their
work with a copper-selective membrane electrode.

The precision of the electrode response was estimated by 10 replicate injections
of a solution containing glycine and isoleucine at concentrations of 1.74 and 1.30
flg//-I1, respectively. Coefficients of variation of 1.4!., for glycine and 2.5 % for iso
leucine were obtained; these results compared favourably with those obtained by
using the absorbance detector, which gave coefficients of variation of 4.0 and 3.6 %,
respectively, for the same 10 injections.

By using the definition of detection limit as three times the baseline noise, the
calculated detection limits for glycine, valine and isoleucine were 75, 200 and 300 ng,
respectively, in a 1-/-11 injection.

We are currently developing a combined recorder offset and signal-amplifi
cation system that will permit detection of smaller amounts of amino acids than
stated above. Initial studies have shown that a ten-fold increase in sensitivity over the
above values can be easily attained.
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Fig. 6. Response of the electrode detector to differ ent amino acids. Curves: A = glycine; B = valine; C =
isoleucine.
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Fig . 7. Use of the electrode detecto r for chromatographic ana lysis of an und iluted urine sample (dark trace)
and a "spiked" urine sample (upper trace) co ntaining the followin g amo unts of amin o acid s added per 111 01"
urin e : A = glycine (7.5 ug); B = valine (5.3 pg); C = methi onin e (7.6 pg); D = iso leucine (4. 1 Ilg); E =

ph enylal an ine (0.7 pg). Conditions: I-pi injection ; now-rate I ml /min.
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Th e suitabil ity of the CTE for analysis of urine and a pharmaceuti cal prepa
ration was invest igated. Th e freshly reconst ituted urine sample was no t pre-treated in
any way except for filtr ati on (Millipo re filter) before injection. Th e chrom atograms
obt ained for the ur ine sample using both detector s are shown in Figs. 7 and 8; these
figures also show the chromatograms ob tained from urine with five amino acids
added.

The chromatogra ms obtai ned by using the UV detector are charac terised by a
profusion of unidentified peaks, and this background renders recovery calculations of

c

A

0.02 Absorbance

B
o

E

INJECT

1

10
MINUTES ...---

Fig. 8. Chromatogra phic analysis of urin e and " spiked" uri ne samples with a UV absorbance detector (a t
200 nm) under conditi ons shown in Fig. 7.
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the added amino acids difficul t. In contras t, the CT E chromatogram of the blank
ur ine sample is very " clean", and the peak s produced by the added amino acids are
easily identified. From these chromatograms, the recoveries for glycine, valine, iso
leucine, methionine and phen ylalanine were 96, 106, 107, 105 and 100%' respectively.
The amo unts of am ino acids added to the sample are show n in the figures. Fig. 7
illustrates the main adva ntage of the CTE, that is, its selectivity, which elimina tes the
need for major pre-treatment of the sample.

An intraveno us solutio n con tain ing 15 amino acids and excipients (such as
sodium metabisulphite, sodium acet at e and sod ium chlo ride) was ana lysed using the
CT E detector; no pre-treatment of the sample was involved, except dilution and
filtration . Th e chromatogram obtained is shown in Fig . 9. No attempt was made to
identify or quantify each amino acid, and the separa tion condi tions were not opti
mised, as the purpose was merely to demonstra te the ut ility of the CT E for phar
maceutic al ana lysis. However , peaks due to II of the 15 components can be dis
cerned, and it is likely that the remain ing amino acids arc eluted together with the
resolved component s.

2 mV

INJECT

1
, !

o5102530 20 15

MINUTES --

Fig. 9. Ch rom at ographic analysis of an ami no acid intravenous solution with the electrode detector.
Conditions: I- til inject ion; flow-ra te 1 ml/rnin.

CON C LU SIO NS

Thi s study has demonstra ted that the CTE can be used as a selective detector in
HPLC. In using such an electr ode, pr oblems associ ated with post-column derivati
sa tion procedures or absorbance detection of solutes having poor UV absorption are
minimised. The perform ance of the CTE, as ind icated by its response time and sensi
tivity, is comparable with that of the UV absorba nce detector. The major advantages
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of the CTE are: first, the selectivity of the CTE is grea tly superior to UV detecti on ,
and secondly the CTE can be manufactured at very low cos t.

In thi s paper, am ino acids ha ve been used as solutes to demonstrate the appli
ca tion of the CT E to HPLC Other co pper-bind ing co mpounds may also be de
tectable. Narang and Gupta 12 have shown th at sulpha drugs (sulphan ilarn ide, sul
phaguanidine, sulphathiazole, sulpharneraz ine, sulphadiazine and sulphapyridine)
readily form complexes with copper, and Evans et al. 13

, in their discussion of the
ana lysis of porphyrins in biological materials by HPLC, have reported tha t copro
and meso-porphyrin esters readil y complexed copper. In this laboratory, it has been
found that the CTE responds to a variety of so lutes. Furt her, thi s study opens up
interesting possibilities of the use of tubular electrodes constructed from other met als
as selective potentiometric det ector s for HPLC systems . Fu rth er work on thi s aspect
is in progress.
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USE O F MIXED LITHIUM-SODI UM BUFFERS AN D POTASSI UM
BUF FERS FO R SEPARATION OF THE COMMON F REE A MINO ACIDS IN
PLANT MATERIAL ON A T WO-CO LUMN SYSTEM
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Departm ent of Agricultural Chemistry, State Laboratoryfor Soil and Crop Research, Lott enborgvej 24,2800
Lyngby ( Denmark)

(first received Ju ly 7th , 1980; revised manu scr ipt received Decem ber 23rd , 1980)

SUM MARY

A method for the det ermination of amino acids in plant extracts using a two
column system is descr ibed . The acidic and neutral amino ac ids are sepa rated on a
column of Beckman AA -15 resin , with three buffers of mi xed lithium citrate- sodium
citrate. With the mixed bu ffers the back pressure on the co lum n was lower tha n with a
pure lithium buffer , bu t gluta mine and as pa ragine were still well sepa ra ted from the
other amino acids. Th e basic amino ac ids and some rela ted compounds are sepa rated
on a col umn of Beckman PA-35 resin, with two buffers of potassium citrate.

INT ROD UCTION

Th e use of lithium citrat e buffers has mad e it po ssibl e to separate th e amides
aspa ragine and gluta mi ne from eac h o ther and from the o ther ami no ac ids in ion
excha nge chro matography". Man y modificat ion s of this meth od have been de
scribed ?-7 . T hese amides have a lso been separated by use of sodi um buffers and tem
perature pr ogra mmi ng", bu t a t th e expense of the sepa ration of as par tic acid and
serine. Th e use of lithium buffer s results in a higher column pressu re and hen ce a
higher risk of leak age at the co nnections and va lves in the ana lyzer th an experienced
with sodiu m buffers.

Owing to the increased destruction of glutamine a t eleva ted co lumn tempera
tures", it is necessary to keep the co lumn tempera ture as low as possible, but th is
results in a higher column pressure. In most of th e analytical systems previ ou sly
described a co lum n temperatu re of 35-40°C is used un til glutamine is eluted from the
column.

Thi s paper describes a method for the sepa ration of acidic and neutral ami no
acids on a long co lumn using mi xed lit hium cit rate-sodium citrate buffers to ove r
come the press ure probl em while maintaining a sa tisfactory reso lution. The use of
mixed buffers of this type ha s been described by Ou levey and Heitefuss7

, but their aim
was to obta in a better sepa ra t ion of basic amino acids in a one-co lumn system than
cou ld be achieved by use of a pure lith ium buffer!",

0021-9673/81/0000-0000/$02.50 (I) 19XI Elsevier Scientifi c Publishing Compa ny
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In the two-column system , sodium buffers are generally still used for the elu
tion of basic amino acids from the short column, as no better separation is achie ved
by lithium buffers. The use of potassium buffers has been described for elution of
amines! ", where they were found to shorten the elution time compared with sodium
buffers.

We also describe a method using potassium buffers for the elution of basic
amino acids and related compounds from the short column.

MATERIAL AND METHODS

Equipment
A Beckman (Palo Alto , CA , U.S.A.) Model 121 amino acid an alyzer equipped

with an Autolab computing integrator was used. Two columns were employed, one
69 x 0.9 em with 55 em Beckman AA-15 resin for the acidic and neutral amino acids,
and the other 28 x 0.9 em with 16 em Beckman PA-35 resin for the basic amino
acids. A Hetofrjg cooler was used for cooling the water in the column jackets.

Sample preparation
A synthetic mixture was prepared from amino acids obtained from Sigma (St.

Louis, MO , U.S.A.), Merck (Darmstadt, G .F.R.), BOH (Poole, Great Britain) or
Hoffmann-La Roche (Basle, Switzerland). The amino acids were dissolved in sod ium
citrate buffer . The am ides glutamine and asparagine were renewed regularly. The
plant amino acids were extracted according to Cook and Bieleski 12 .

Reagents
The ninhydrin reagent was prepared from 100 g of ninhydrin, 41 methyl Cellu

solve, 1.51 of 4 M sodium acetate buffer, pH 5.5, and 15 ml of 15%titanous chloride
for reduction of the ninhydrin1 3

.

Three buffers were used on the long column and two on the short column for
elution of the amino acids. Their compositions are listed in Tables I and II.

TABLE I
COMPOSITION OF BUFFERS FOR ELUTION OF ACIDIC AND NE UTRAL AMINO AC IDS
FROM THE LONG COLUMN
The final adjuslment of pH was made with HCI or LiOH-NaOH (3 mole /Z mole).

Buffer

A B c
- --------- -- ---

pH
Lithium concent ra tion (M)
Sodium concentration (M )
Lithium citrate tetrahydrate (gil)
Sodium citr ate dihydrate (gil)
Thiodiglycol (mi ll)
Caprylic acid (ml/l)
Concentrated HCI (mIll )

3.00
0.12
0.08

11.28
7.84
2.0
0.1

14.0

3.30
0.12
0.08

11.28
7.84
2.0
0.1

12.5

4.15
0.12
0.08

11.28
7.84
2.0
0.1
9.5

--- - ----------- - ----------
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TABLE II
COMPOSITI ON OF BUFFERS FOR ELUTION OF BASIC AMINO ACIDS FROM THE SHORT
COLU MN
----_.._.•. . •... .. _- .

Buffer

D E

pH*
Potassium concentr ation (M)
Potassium citra te monohydrate (gil)
Potassium chloride (gil)
Caprylic acid (mill)
Conc entrated HCI (mill)
Benzyl alcohol (m l/ l)**

3.70
0.30

2 1.63
7.50
0.1

11.0
10.0

4.15
0.40

21.63
15.00
0.1
9.5
5.0

* Final adjustment made with HCl or KOH .
** Added after adjustment of pH .

For regeneration of the resins , 0.2 M lithium hydroxide-sodium hydroxide
(Li +- Na + = 3:2) and 0.2 M KOH were used for the long and short columns respec
tively.

Procedure
The flow-rate for the buffers was 70 ml/h and for the ninhydrin reagent 35

ml/h.
After sample injection, the am ino acids on the long column were eluted with

buffers A, Band C for 57, 90 and 98 min respectively. The two buffer changes were
into effect between glutamine and glutamic acid and between cystine and methionine.
The resin was regenerated with base for 18 min and equilibrated with buffer A for 44
mill.

On the short column the amino acids were eluted with buffers D and E for 122
and 90 min with the buffer change between lysine and tryptophan. The resin was
regenerated with base for 10 min and equilibrated with buffer D for 36 min .

The column temperature was lowered to 30°C by a 6-min fast cool step just
before the injection of the sample on the long column. It was then maintained for 99
min before being raised to 45°C for the rest of the analysis.

RESULTS

The elution pattern of the first amino acids from the long column with the
selected lithium-sodium ratio (0.12:0.08) is shown in Fig. I, together with the effect of
variation in this ratio at the chosen buffer pH and column temperature. This ratio
gave a complete separation of the amides from each other and from the other amino
acids. Glutamic acid was eluted after the amides and not between them as with the
pure lithium buffer, which also gave a complete separation of the amino acids. When
sodium formed a large part or all of the cations, poor or no sepa ra tion of aspartic
acid from threonine and of the amides was obtained.

The broad space between glutamic acid and glutamine achieved with the mixed
buffer was utilized by placing the first buffer shift there.
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Fig. 1. Effect of the lithium-sodium ratio on the elution behaviour of the first common amino acids from
the long column at pH 3.0; column temperature 30°C. Amino acids: I = Asp; 2 = Thr; 3 = Ser; 4 = Asn;
5 = GIn; 6 = Glu.

The column back pressure rose from 300 p.s.i. for a pure sodium buffer to 350
p.s.i. at the selection ratio and 450 p.s.i. for a pure lithium buffer.

A pH of 3.00 was found to be optimum for buffer A. Lowering the pH to 2.78
resulted in a much increased elution time and a partial overlapping of aspartic acid
and threonine, while raising it to 3.24 resulted in coelution of the amides.

With the mixed buffers Band C the elution order of the common protein
an1iho acids was as obtained for pure sodium or lithium buffers". Unfortunately, (X

aminoadipic acid and citrulline were not separated from the glycine-alanine couple
and hydroxyproline was eluted together with aspartic acid, but these amino acids are
normally present only in negligible amounts compared to the common protein amino
acids.

The separation of basic amino acids and related compounds with the po
tassium buffer (D) is shown in Fig. 2, together with the effects of variation of the pH
(a) and of the concentrations of potassium (b) and benzyl alcohol (c). A good sepa
ration of the named compounds was achieved except for tyrosine from phenylalanine,
which, however, were separated on the long column. Tryptophan and arginine, which
were eluted with buffer E, do not appear in the figure.

The optimum values for the parameters of buffer D were a pH of 3.70, a
potassium concentration of 0.30 M and a benzyl alcohol concentration of 10 ml/l,
with a reasonable flow-rate.

While most of the compounds are very sensitive to changes of pH in the tested
range, ammonia and ethanolamine are unaffected. A decrease of pH to 3.6 gave a
better separation of most of the compounds, but {.i-alanine came closer to ethanol
amine. At pH 4.0 some amino acids are eluted together.
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Fig. 2. Effect of the pH (a) and concentrations of potassium (b) and benzyl alcohol (c) on the elution
behaviour of various amino compounds from the short column. Temperature 45°C; pH 3.75; potassium
concentration 0.30 M; benzyl alco hol concentration 10 mill. Amino compounds: I = Tyr + Phe; 2 = fJ
Ala; 3 = et hanolamine; 4 = NH,; 5 = }'-aminobutyric acid ; 6 = Om; 7 = His; 8 = Lys.

The potassium concentration had only a small effect on the elution pattern.
With 0.25 M K + a better separat ion was achieved than with 0.30 M K +, but at the
expense of increased elution time and peak broadening. With 0.35 M K + , ornithine
and }'-aminobutyric acid were eluted together.

Addition of benzyl alcohol favoured the separation of /j-alanine from tyrosine
+ phenylalanine because of a specific decrease in the elution time of the aromatic
amino acid, especially of tryptophan, which appears late in the chromatogram. Also
y-aminobutyric acid was particularly affected and was eluted together with ammonia
at 20 ml of benzyl a lcohol per litre of buffer.

Changes in the co lumn temperature had on ly small specific effects on the elu
tion pattern.

A comparison of the sodium and potassium buffers was undertaken at the
values of the buffer parameters found to give the best results with the potassium
buffer (Table III ). Most of the compounds are eluted faster with potassium than with
sodium, except for the aromatic amino acids, tyrosine + phenylalanine and trypto
phan .

Running of plant extracts prepared from grass and clover gave clear chroma
tograms with a good separat ion of the amino acids; some unidentified peaks appeared,
especia lly before aspartic acid.
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T A BLE III
EF F ECT OF TWO CAT ION SPECIES ON T H E EL UTION TI M ES OF VA R IOUS AMINO COM
PO UNDS FROM THE SHO RT C OLU M N
Buffer pa ra meters : 0.2 M N a + or K ": p H 3.75; 10 mi ll benzyl a lco hol. Column temperature : 45"C.

Compounds Elution times (min)

With Na +

T yrosine + ph enylalanine
II-A lanine
Etha no lami ne
Ammo nia
y-Aminobutyric ac id
O rni thine
Hist id ine
Lysine
T ryptoph an

DI SC US SION

55.5
63.5
75.0
81.1
87.4
97 .6

117.4
136.2
181.6

51.5
67.9

100. 7
110.7
100. 7
137.0
174.6
195.1
156.5

The mixed lithium- sodium buffer made it possible to sepa rate the amides from
each other and from th e other amino acid s and a lower pressure was obtained than
with a pure lithium buffer. A higher proportion of lith ium would ha ve improved the
separatio n of the first amino acids, but the column back pressure would have in
creased and there would have been less space between glutamine and glutamic acid
for the buffer shift.

Th e specific effect of the ca tion species on the dicarboxylic amino acids is
remarkable in that they, con tr ar y to the other amino acids, are eluted faster with
lithium than with sodium. Also o-aminoadipic acid is eluted sooner in relation to th e
other amino acids with lithium buffers", A disadvant age of the mixed buffers is the
mor e complicated prepar at ion .

Th e effect of pH on the elution time of the amino compounds from the sho rt
co lumn is dependent on whether their pK values lie within the applied range of pH .
However, a t the resin surface the pH is 1- 2 units lower than in the buffer!", which
explains the stronger effect of pH on ornithine, lysine and hist idine with pK values of
1.9, 2.2 and 1.8 respe cti vely for their carboxylic group'? than on p-alanine and y
amino butyric acid with pK va lues of 3.6 and 4.0 respectively. The small effect of pH
on the elution of tyrosine and phenylalanine, which have pK values of about 2.2, is
possibly due to a greater bind ing by non-electrostatic forces. Ammonia and ethanol
amine have pK values too far o utside the actual range of pH to be measurably
influenced .

Benzyl alcohol probably ac ts as a competitor with respect to the adsorption by
non- electrostatic forces and therefor e exerts its stro ngest influence on the aromatic
am ino acids, which made it possible to sep ar ate fJ-alan ine fro m tyrosine + phenyl
ala nine. No effect was observed on ammo nia and etha no lamine, which are mo stly
bound by electros ta tic force s.

Th e faster elution of most of the com pounds with potassium than with sod ium
is und oubtedly due to the sma ller radius of the hydrated potassium ion . Ho wever , the
aro ma tic amino acids exhibit oppos ite behaviour, with the adva nta ge that the broad
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peak of tryptophan is placed in the great space after lysine when potassium is used
and not among the closely spaced amino compounds as with sodium. Tryptophan is
anomalous in another respect in that it shows an increa sed elution time with increas
ing sodium concentrat ion t 6,t 7.
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SUMMA RY

In order to obtain a diacylglycerol mixture for reversed-phase chromato
graphy, a tr iacylglycerol sample from nati ve vegeta ble oils and ha ving a pre-deter
mined fatty acid composition was used . This sample, containing equimolar amounts
of palmitic, stearic, oleic, linolei c a nd linolenic acid s, was subjected to glycerol ysis,
and silica gel column chromatography of the products yielded a diacylglycerol mix
ture composed of 20 ± 3 mole- %of each of the ab ove fatty acid residues. The mix
ture was separated into individual fractions by reversed-phase chroma togra phy on
plates with a permanent inert support layer using a methanol-trimethylborate-n
tetradecane system. The mixture was shown to con sist of seven fractions with equ iv
alent lipophilicities of 24--36, and the distribution of the residues of the ind ividu al
fatt y acids among these fractions is close to random.

INTROD UCTION

Although I,2-sn-diacylglycero ls (I ,2-sn-DA Gs) form the basis of the structure
of natural glycerolipids", little is known about the composition and structure of the
DAG moieties of these lipid s, mainly because methods for the an alysis ofDAGs hav e
been insufficiently developed", In our laboratory, work is being conducted on devis
ing a method for the chromatographic separa tion of natural DAG mixtures, formed
by the hydrolysis of polar glycerolipids, into indi vidual species. These mixtures, ho w
ever, are not suitable for developing thi s method because in most instances they are not
readily available and ha ve limitat ions with respect to their fatty acid compos ition".
Therefore, we used an artificial mixture of pre-determined composition obtained by
glycero lysis. Thi s mixture serves as an adequate substitute for a natural mixture
because the pattern of DAG mobility in liquid chromatography usually does not
depend on the isomeric composition of the DAG species",

In addition to the preparat ion of a DAG mixture and the development of a
chroma tographic method to separate it into individual fractions, an aim of this wor k
was also the preliminary identification of the isolated fract ions as rega rds the ir equiv
alent lipophilicity", which is necessary for the possible future application of the se
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fractions as standards in the investigation of DAGs of natural origin. Finally, in
connection with the possibility of such an application of a standard DAG mixture, it
was of interest to establish the rule s governing the distribution of fatty acid residues
among the individual DAG fractions in the mixture.

EXPERIMENTAL

Materials
Triacylglycerols (TAGs) from cacao butter recrystallized from a 10 % (wjv)

solution in n-hexane and TAGs from poppy seed" and linseed oils" were purified on
an alumina column7

• As shown by th in-layer chromatography (TLC), TAGs eluted
from the column were devoid of more polar components. Tripalmitoyl- and tr is
tearoylglycerols (C grade; Californi a Foundation for Bioch emical Research,
Los Angeles, CA , U.S.A.) were used without further purification . The amount of the
major component in the samples of these monoacid TAGs Was assumed to be 100 %.
The TAG sample for glycerolysis was obtained by mixing TAGs from cacao butter
(2.63 g), linseed oil (3.73 g) and poppy seed oil (2.17 g), and by adding tristearoyl
(0.84 g) and tripalmitoylglycerol (0.63 g).

TAG glyc erolysis and isolat ion of DAG mixture
To 10.00 g (11.5 mmole) of the TAG sample 1.30 g (14.1 mmole) of anhydrou s

glycerol and 11 mg (0.3 mmole) of sod ium hydroxide as a catalyst for glycerolysis
were added. The mixture was incubated in a continuous stream of argon at low
pressure (ca. 10 mmHg) a t 200°C for 4 h, dissolved in diethyl ether, washed with 20 %
sodium chloride solution until neutral , dried and evaporated to dryness in vacuo. As a
result, 10.78 g of an acylglycerol sample was obtained. To determine its composition
both 100 J.1g of the sample and 100 J.1g of neutral lipid standards" were spotted atthe
starting points of a Silufol plate (K avalier, Sklarny, Czechoslovakia). After TLC
separation for 15 min using n-hexane-diethyl ether-acetic acid (50 :50: I) , the spots of
the lipid s were rendered visible with mol ybdophosphoric acid ",

A column (42 x 2 em I.D.) containing 60 g of Woelm silica gel for adsorption
chromatography instead of the Davidson Grade 923 silica gel used earlier? was ap
plied to isolate the DAG mixture (1.11 g). To determine the purity of the latter, a 100
J.1g aliquot was separated by TLC (see a bove); for comparison , 0.5 J.1g of TAGs were
applied at one of the sta rt ing points. The colour intensity of ind ividual chromato
graphic zones was evaluated visually.

DAG samples originating from cacao butter and poppy seed and linseed oils
were prepared and evaluated in a similar manner. The fatty acid compositions of all
acylglycerol samples and mixtures were determined by gas-liquid chromatography 10 .

TLC plates and mobile phase
DAGs were separated on home-made glass plates designated as " plates with a

permanent support layer " . To prepare such plates, 20 g of Kieselguhr (Chromaton
N; Chemapol, Prague, Czechoslovaki a , particle size 0.100-0.125 mm ) was silanized
with dimethyldichlorosilan e'" , mixed with 60 g of powdered glass" and suspended in
90 ml of water, and the slurry obtained was applied on to 20 x 10 cm plates using an
SSG-I automatic layer applicator (VEB Technisches Glas, Ilmenau, G.D.R.) ; the
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applicator clearance was 0.5 /lm. After the layer had been dried in air at 200e the
plates were heated at 675°e for 20 min" . These plates could be used for separation an
unlimited number of times , because they can be purified from organic impurities by
heating them in mixture of concentrated sulphuric and nitric acids and developing the
support layer in methanol.

As the mobile phase for DAG separation we first used a mixture of methanol
and water (95 :5). Subsequently, a mixture of 475 g (14.8 mole) of absolute methanol
and III g (1.8 mole) of reagent-grade boric acid was refluxed for 3 h, cooled and kept
with 154 g (1.1 mole) of sodium sulphate for 45 h to remove water formed during
esterification of the acid . The supernatant liquid was decanted and fractionally dis
tilled, the methanol-trimethylborate (TMB) azeotrope, b.p. 54.6-55.0oe, n'6° 1.3478,
being collected''P. A 1:9 mixture of this azeotrope with absolute methanol, plus a
small excess of pure n-tetradecane, was used for chromatography.

Chromatographic separation and semi-quantitative evaluation of DAG mixture
To apply the stationary phase the plates were submerged in a 10 % (vjv) ben

zene solution of tetradecane. Separate DAG samples and a mixture of them were
applied on the starting line as a band (65 x 2 mm) with a GSG-I automatic sample
applicator (VEB Technisches Glass) fixed on the carriage of the SSG-I instrument, or
by a syringe as a series of single spots. At the end portions of the band (1-2 mm long)
where the carriage changed the direction of its shuttle motion, a greater amount of
DAG than in the middle portion of the band could be deposited, which subsequently
resulted in significant distortion of the chromatographic zones. To avoid this , these
portions of the layer were covered with paper strips when the sample had been
applied .

DAGs (200 ug on the starting line or 20-50 /lg as single spots) were separated
for 2.5 h in a chamber for ascending TLe (Type OE-304; Labor, Budapest, Hungary)
at 23 ± 0.5°C. n- Tetradecane was removed from the plates in a vacuum drying oven
(Type LP-402; Labor) for 45 min at 140°C. After development of the spots", the
chromatogram was photographed and a positive picture was obtained from the neg
ative. The picture was scanned under transmitted light on a home-made densitom
eter . The peak areas on the densitogram were determined gravimetrically. When
calculating the hRF (R F x 100) values the maximum of the peak on the densitogram
was assumed to be the centre of the corresponding zone.

RESULTS

Composition of the mixed TAG sample for glycerolysis
A DAG mixture in which molar contents of individual DAG species are as

similar to each other as possible is desirable as a chromatographic standard. As can
be calculated 13, this condition is most readily met when each fatty acid in the starting
TAG sample is present in equal molar concentrations. On the other hand, as this
standard was designed primarily for investigating common plant lipids, it had to be
similar to them in its qualitative fatty acid composition. It is known that the in
dividual aliphatic acids present in these lipids are very numerous, but in almost all
instances residues of the five major acids palmitic, stearic, oleic , linoleic and linolenic
acid are present. Therefore, we decided to limit ourselves to the preparation of a
DAG mixture containing only these five acids.
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Thus, the optimal starting material for glycerolysis in our work would be an
equimolar mixture containing 20 %of each of the monoacid TAGs of the five major
acids. However, reagent-grade samples of such TAGs, especially unsaturated ones,
are often unavailable, so we decided to prepare a TAG sample from the total TAGs
of common, readily available vegetable oils; these TAGs could be easily isolated from
the oils by adsorption chromatography. Cacao butter rich in saturated and oleic
acids, poppy seed oil with predominantly linoleic acid and linseed oil as a source of
linolenic acid were used (Table I). It can be seen that the oleic content in the cacao
butter sample was about 35 % and in two other oils it was close to 20 %, a pre
determined value for the whole sample. Therefore, to attain this value in the sample it
was necessary to include additionally small amounts of the simple saturated TAGs
tripalmitoyl- and tristearoylglycerol.

TABLE I
FATTY ACID COMPOSITION OF ACYLGLYCEROLS (MOLE-%l
----_...•

Fatty acid TAGs from thefat of TAG sample Acyl-
before glyc- glycerol

Cacao Poppy Linseed erolysis sample
seed

Palmitic 27.1 9.3 5.7 17.2 17.4
Stearic 35.8 4.4 3.8 17.6 18.9
Oleic 34.9 16.3 19.6 21.6 20.6
Linoleic 2.2 70.0 11.6 23.3 23.5
Linolenic 0.0 0.0 59.3 20.3 19.6

DAG
mixture

19.7
18.4
19.8
22.9
19.2

For direct preparation of the sample (total weight 10.00 g) it was necessary to
determine the weights (g) of TAGs of cacao butter, poppy seed and linseed oils, and
of tripalmitoyl- and tristearoylglycerol (X, Y, Z, Vand W, respectively), which would
ensure the pre-determined fatty acid composition. X g of cacao TAGs contain

(I)

mole of TAGs, where Mx = L[(a)xMJ'IO-z = average molecular weight of cacao

butter TAGs, (aJx (mole- %) = content of the ith acid (Table I) and M, = molecular
weight of the monoacid TAG of the ith acid"; values of Y' = YI My, ... , W' = WI Mw

(mole) are expressed similarly.
Using these values, one can calculate, as a dimensionless quantity, the molar

proportion of cacao TAGs in the sample:

x = X'/(X' + ... + W') (2)

The values of y, z; v and ware expressed similarly (x + y + z + v + w = I).
The pre-determined content of stearic acid (20 %) in the TAG sample to be

prepared is made up of the amounts of this acid in TAGs from each of the oils:

35.8x + 4.4y + 3.8z + 100w = 20 (3)



REVERSED-PHASE TLC OF DIACYLGLYCEROLS

Similarly, for oleic and linoleic acids :

34.9x + 16.3)' + 19.6.:: = 20

and
2.2x + 70.0)' + 11.6.:: = 20

53

(4)

(5)

Preliminary experiments showed that the content of palmitic acid in the DAG
mixture obtained by glycerolysis is higher and that of linolenic acid is lower than the
contents in the starting TAG sample. Therefore, we decided to mix TAGs so that the
calculat ed amounts of these acid s in the starting sample were 18 and 22 %, respec
tively :

and

27. Ix + 9.3)' + 5.7.:: + 100I' = 18

59.3 2 = 22

(6)

(7)

From eqns. 3-7, x = 0.263, )' = 0.216, z = 0.371, I' = 0.068 and II' = 0.082. By
substituting the values of x, .. ., II' into eqns. I and 2 for X and X ' , and into similar
equations for Y, . . ., Wand y ', . . ., W ', and by combining this equation system with
the expression X + Y + Z + V + W = 109, one can solve it and obtain the TAG
weights: X = 2.63 g, Y = 2.17 g, Z = 3.73 g, V = 0.63 g and W = 0.84 g.

The fatt y acid composition of the starting TAG sample is shown in Table I ; it is
close to the pre-determined value.

Preparation of the DAG mixture
As suggested by the preliminary data available:' , individual DAG species , on

reversed-phase chromatography and on liquid chromatography in the presence of
complex-forming agents, are not separated into positional isomers [1,2(2,3)- and 1,3
diacyl-sn-glycerols] of the same fatty acid composition", Hence, an y reaction that
gives rise to all of these isomers or to only some of them generally can be used to
prepare model DAGs for reversed-phase chromatography, because indi vidual DAG
species of the mixture will have the same mobility as corresponding 1,2-diacyl-sn
glycerols of natural origin.

In this work we obtained the DAG mixture by glycerolysis, which is largely
free from limitations inherent in other methods of DAG synthesis on the micro
scale I 3

•
14

. In an anhydrous medium the glycerolysis reaction, i.e., transesterification
of TAGs with glycerol in the presence of a catalyst 15 -1 7, involves TAG deacylation
and continuous acyl migration between TAGs, DAGs, monoacylglycerols (MAGs)
and glycerol; as a result , dynamic equ ilibrium between all of these compounds is
establi shed . As can be seen from the Table I, there is little, if any , difference between
the overall acylglycerol sample formed by TAG glycerol ysis and the original TAGs as
regards their fatty acid composition . The TLC data (not shown) suggest that DAGs
compri se almost half of the sample, whereas free fatty acids which would interfere
with the isolation of the DAG mixture are virtually absent.
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The isolation itself was carried out using a silica gel column, and the degree of
purity of the mixture obtained was determined by TLC. Th e DAG content in the final
mixture was > 99.5 %, and the yield was about 50 %. The fatt y acid composition of
DAGs is show n in the last co lumn in Table I. It can be seen that the act ual concen
tr at ion s of indi vidual acids are around 20 ± 3 mole - %.

Reversed-phase TLC of the DAG mixture
DAGs were separated chromatographically in a reversed -phase system 1 8 .

Instead of paper chromatographyl 9 , TLC was used becau se of its greater separat ion
efficiency. However, under the usual conditions the solid support containing a hydro
phobic stationary phase is poorly retained on the surface of a glass plate and is easi ly
washed off by the mobile phase-", Therefore, plate s with a permanent inert support
(Kieselguhr) layer were used for TLC. These plates were prepared by the method
developed previously for ad sorption plates ",

As aqueous water-soluble organic solvent-hydrophobic phase systems have
been used successfully for separa ting free fatty acids", TAGsI 5

, MAGs2 1 and other
neutral lipids, we carried out experiments on DAG fractionation in these systems.
The hydrophobic phases tested included higher hydrocarbons, long-chain esters and
ethers and aliphat ic methyl ketones, and the hydrophil ic components used included
acetic acid, methanol and acetone. In no instance, however, was a satisfactory DAG
sepa ra tion achieved. As an example, Fig. I sho ws the results of the analysis of a
standard DAG mixture in the aqueous methanol-n-tetradecane system.

We then considered the adsorption chromatograph y of hydroxy lipids. In some
of these stud ies, to increase the selectivity and quality of the sepa ra tion of hydroxy
fatty acids", and positional isomers of MAGs and DAGs2 3

•
24

, other workers used ad
sorbents impregnated with bori c acid, which is kno wn25 to form labile complexes
with free hydroxyl groups. It could be assumed that in a reversed-phase system the
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Fig. I. Densitograms of reversed-phase chromatog rams of diacylglycerol s. Mo bile phases : meth anol
water (95 :5) sat ura ted with n-tetradecane (broken line) and methanol-trimethylborate (92.7:7.3) sa turate d
with n-tetradecane (solid line).
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addition of this acid or its derivatives to the mobile phase would also result in an
improvement of the chromatographic parameters, in a similar manner to the results
with Ag " ions, which initially were applied only for the adsorption chromatography
of neutral lipids/ but were later used in their reversed-phase chromatography'".

To verify this assumption, experiments on DAG separation were conducted in
a system containing methanolic solutions of either boric acid (5 %) or an equimolar
amount of TMB as the mobile phase. Under these conditions, a highly selective and
efficient separation of DAGs into seven fractions was achieved, and when the TMB
system devoid of free water was used the chromatographic mobility of separate DAG
fractions, especially the fully saturated ones, increased even further (Fig. 1). There
fore, only the latter system was used in subsequent work. The results of the semi
quantitative densitometric determination of the concentration of each of these frac
tions in the DAG mixture are presented in Table II.

TABLE II
DENSITOMETRIC ANALYSIS OF THE CONTENT OF SEPARATE FRACTIONS IN A
MIXTURE OF DIACYLGLYCEROLS

Fraction No.*

1
2
3
4
5
6
7

20
28
36
44
52
60
68

Content (wt.-%J

2- 6
9-11

14-21
23-27
21-28
8-14
7-12

* DAG peak numbers in Fig. I.

Tentative identification of DAG fractions
For the tentative identification of the isolated DAG fractions (Fig. 1), it is first

necessary to establish the distribution pattern of DAGs in a reversed-phase chroma
tographic system of moderate efficiency. It can be assumed that DAGs, being neutral
lipids, do not differ in this respect from other lipids of this kind, such as TAGs and
fatty acids. The distribution of these lipids is known to be determined by their
theoretical equivalent lipophilicity, L 1 = m - 2e, where m and e are the number of
carbon atoms and the number of double bonds, respectively, in the aliphatic chains of
a given molecule/". As a result, neutral lipids belonging to the same class and with
identical L1 values also have identical hRF values in a reversed-phase system.

Identification of the fractions could also be based on the assumption that the
composition of DAGs produced in the reaction of the glycerolysis of oils is
"random", i.e., it reflects the random distribution of fatty acid residues among the
individual DAG species. In order to establish the extent to which the data in Fig. I
and Table II correspond to this composition, it is necessary, proceeding from the
number (n) and the concentration (a, b, ... %) of the individual fatty acid residues in
the DAG mixture (Table I), to calculate the random number of DAG species (N) and
the random concentration of each species (A l' A z, ... %), and then to compare the
calculated results with the experimental ones (Table II).
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To derive the equations for the calculation of N, and also of AI' A 2 , ... , we
modified the available probability equations for TAGs I 5

. It is clear that N is made up
of the numbers of monoacid (n) and diacid [n(n - 1)/2] species of DAGs, i.e., N =

n (n + 1)/2; in our mixture, where n = 5, N = 15. In a similar way, for each monoacid
DAG species Al = a2/100, and for the diacid species A 2 = 2 abjlOO; the factor of 2
has been introduced into this equation to take into account both positional isomers of
DAGs. On considering the random composition of DAG species calculated from the
qualitative composition and the quantitative content of fatty acid residues in their
mixture (Table I) and presented in Table III, one can see that in the number of
fractions of definite lipophilicity the DAG mixture isolated here (Table II) conforms
to the random composition, and the quantitative content of each of these fractions is
also sufficiently close to random ( ± 1~10 %).

TABLE III
RANDOM SPECIES COMPOSITION OF A MIXTURE OF DIACYLGLYCEROLS
-_._-_.._ - _._--- - -- -_.--•...,._-- ..__ .- --_.._.._-------------

Species and fractions m* e* L, Random content of DAGs (wt.-;;;!**
of DAGs - - -----_.._---------

Species Fractions

Distearoylglycerol 36 0 36 3.6 3.6

Stearoylpalmitoylglycerol 34 0 34 6.9 14.5
Stearoyloleoylglycerol 36 I 7.6

Dipalmitoylglycerol 32 0 32 3.3 23.6
Palmitoyloleoylglycerol 34 I 7.4
Stearoyllinoleoylglycerol 36 2 8.8
Dioleoylglycerol 36 2 4.1

Palmitoyllinoleoylglycerol 34 2 30 8.5 25.2
Stearoyllinolenoylglycerol 36 3 7.3
Oleoyllinoleoylglycerol 36 3 9.4

Palmitoyllinolenoylglycerol 34 3 28 7.1 20.3
Oleoyllinolenoylglycerol 36 4 7.8
Dilinoleoylglycerol 36 4 5.4

Linoleoyllinolenoylglycerol 36 5 26 9.0 9.0

Dilinolenoylglycerol 36 6 24 3.8 3.8
----------------- ----_._-------_._-

* m and e are the number of carbon atoms and number of double bonds, respectively, in the aliphatic
chains of DAG molecules.

** Random contents of DAGs are expressed in weight- %and calculated in accordance with the theory
of random distribution from the fatty acid composition of the model DAG mixture (Table I).

For an even more accurate identification of separate fractions in the standard
DAG mixture by the L I value, the composition of this mixture was compared with
those of DAG samples isolated from the products of glycerolysis of cacao butter and
poppy seed and linseed oils, which differ greatly in their fatty acid compositions
(Table I). To carry out this comparison each of the three samples, and also the DAG
mixture, were applied on the same TLC plate, separated, detected with molybdophos-
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phoric acid and quantified by densitometry. The found and random contents of
separate DAG fractions in the samples are shown in Table IV. The number of frac
tions found in each sample (four for cacao and poppyseed, six for linseed) and in the
mixture (seven) depends on the number of individual acids in the corresponding
original oil (four, four and five, respectively; Table I). As in the case of a sta ndard
DAG mixture, the number of separate fractions conforms in all instances to the
random composition and their content is close to that calcu lated using the equations
of random distribution.

TABLE IV
FOUND AND RANDOM CONTENTS OF SEPARATE FRACTIONS IN DIACYLGLYCEROL
SAMPLES OBTAINED BY GLYCEROLYSIS OF CACAO BUTTER AND POPPYSEED AND
LINSEED OILS (WT.- %)
Found values, obtained by densitometry ; random values, calcu lated in accordance with the theory of
random distr ibut ion from the fatty acid composition of the corresponding fats (Table I) expressed in
weight- %.

hR f Cacao Poppyseed Linseed Identifica-
tion offrac-

Found Random Found Random Found Random tions by L ,
---,_._.---- - - -
20 1- 3 9.0 0.2 0.2 36
28 16-33 39.6 2- 3 2.3 0--3 2.2 34
36 52- 55 45.8 14-18 12.6 9-18 6.7 32
44 14-25 5.4 34-37 35.3 13-21 11.0 30
52 0.2 45-47 49.6 23-27 29.9 28
60 0.0 0.0 13-18 13.4 26
68 0.0 0.0 27--42 36.6 24

As can be seen from the chromatogram in Fig . 2, this mixture has almost the
same hRF values of the corresponding DAG fractions as the DAG samples. With
decreasing lipophilicity of the fractions these values increase, and relationship be
tween hRF and L, in Table IV is linear : hR F = 164 - 4 L l . This equation, reflecting
the polarit y of the mobile phase in a TMB chromatographic system, can be used in
the L, range 16-41. The final results of the identification of the fractions, charac
terized by certain hR F values, by their lipophilicities are given in Table IV.

Thus, the standard mixture of DAGs includes seven separate fractions having
hRF values of 20, 28, 36, 44, 52, 60 and 68 and t., values of 36, 34, 32, 30, 28, 26 and
24, respectively. The distribution of the residues of individual fatty acids among these
fractions appears to be close to random.

DISCUSS ION

The glycerolysis conditions specified under Experimental appear to be optimal
because the DAG yield was higher than in most instances reported by other work
ers28

•
29

• At lower temperatures transesterification would be markedly slower!",
whereas higher temperatures would decrease the yield of reaction products owing to
their thermal degradation, polymerization and removal of glycerol by distillatiorr'".
At the chosen temperature the highest glycero lysis rate is attained on adding 0.1
0.2 % of sodium hydroxide to the reaction mixturej "; sodium hydroxide is also ad-
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1 2 4

Fig. 2. TLC of diacylglycerols in the reversed- phase system. Mo bile pha se : methanol-trimethylborate
saturated with ll-tetrackcane (Fig. 1). 1- 3 = DAG sam ples (20 Ilg each) from cacao butter and poppy seed
and linseed oils, respectively; 4 = DAG mix tu re (50 /lg) .

vantageo us as a catalyst becau se it lacks marked fatty ac id specificity in the tra ns
esterification reaction l 6

. The highest DAG content in the products of th is reaction
( > 40 mol e- %) was obtained when the TAG :glycerol mola r rati o was 7_ 1717

, com
pared with 7.7 in o ur sample. We a lso reprod uced the gas -phase co nd itions of glycer
olysis, i.e., a slight vac uurrr'! and an inert a tmosphere!".

If natural lipid s having qu al itati ve and qu antitati ve fatty ac id compositions
other th an those used here were to be em ployed as sta rting mat erials for thi s reaction ,
then, using the scheme for TAG sample preparat ion sugges ted above, it wou ld be
possible to obtain acy lglycerol mixtures with a virt ua lly unlimited ran ge of fatt y acid
compos itions. Such mixtures could be useful as sta nda rds for reversed-phase chro
mat ography, and also for creati ng various desirable fa tty com pos itions for biochem
ical , chemica l and techn ological lipid studies.

Our use of reversed-phase chro ma tography for the frac tionat ion of DAG mix
tu res is uncommon , beca use in recent years D AG s have been separated int o individua l
compo nents a lmost exclusive ly by the G LC of their acetyl, tri met hylsilyl an d other
derivati ves, and by adsorption TLC of these deriva tives with silver ions' : However,
these method s invo lve a num ber of difficult ies, especially the need to synthesize the
deri vatives. The yields of these derivatives, especia lly when obtained on the micro-
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scale, have usually not been cited, and the derivatives themselves often appear to be
insufficiently stable.". Moreover, when performing such syntheses there is inevitably
migration of acyl residues in OAGs 1

• Finally, the selectivity of the chromatographic
fractionation of OAG derivatives by the methods used in the past is limited: in GLC
effective separations and quantitative determinations can be accom plished only for
compounds with different chain lengths, and in Ag " TLC only for derivatives with
different numbers of doubie bonds",

Reversed-phase chromatography ha s been used for a long time to determ ine
the species composition of many classes of neutral lipids, primarily TAGs2

, as it is
characterized by mild fr actionation conditions and a high efficiency and selectivity of
separation. At the same time, thi s method ha s been applied to the analysis of OAG
composition only in the early per iod of the de velopment of reversed-phase chroma
tography'P':' :' and , therefore, it was of interest to test it again for this purpose, taking
into account recent achievements in this type of chromatography.

Our results show that the reversed-phase fractionation of OAGs became
possible only when TMB was used, which resulted in the substitution of the free
hydroxyl group due to the formation of dimethylborate (OMB) esters of OAGs in
this system :

H ,C-O-COR
- I

R'CO-O-CH
[

H 2C- OH

Previously OMB esters of MAGs were identified as the products of the rea c
tion between acetonides ofmonoacylglycerols and boric acid2 5

. OMB esters ofOAGs
were formed upon detritylation of trityl-OAG in the presence of boric acid" and
upon adsorption chromatographic separation of positional isomers of OAGs in a
solvent system containing TMB 24

; in both instances the formation of DMB esters
effectively inhibited acyl migration in OAGs.

An important advantage of OMB esters is that in the presence of water they are
very rapidly hydrolysed, yield ing initial acylglycercls'", wherea s acetates and other
OAG derivati ves (see above) cannot be used for recovering nati ve OAGs. Another
ad vantage is that the chromatographic fractionation of OMB esters is not accom
panied by the additional separa tion of the zones of indi vidual OAGs into positional
isomers (Fig. I) , although these isomers are known to be present in the OAG mixture
under study because it was obtained by glycerolysis of TAGs. Hence the use of these
esters makes it possible to perform with equal success the analysis of any OAG
mixture, irrespective of its isomeric composition, without preliminary isolation of
indi vidual isomers.

The separation of the mixture of the OAGs as their OMB esters by reversed
phase chro matogra phy showed that the concentrat ions of the separa te fractions in
thi s mixture are close to those calculated acco rd ing to the random distribution pat
tern . Thus, such a distribution of fatty acyls is established not only in TAGs formed
by glycerolysis ' :' but also in other products of this reaction, especially in OAGs. This
pattern of OAG composition is al so supported by the sim ilar ity between OAG mix 
tures and the original TAGs with respect to their fatty ac id com position; if OAG
form ation proceeded in accorda nce with a selective mechanism this sim ilarity would
not exist. It was previously shown that under the chosen condit ions of glycerolysis the
react ion does not reach the equilibrium state and, as a result, the OAG concentration



60 V. P. PCHELKIN, A. G . VERESHCHAGIN

(mole- %of the total acylglyccrols) is considerably higher than the random concen
tratiorr'" . Consequently, during glycerolysis of TAGs a random distribution of acyl
residues first appears inside the DAG class and only later between the other classes of
acylglycerols.

This kind of distribution in the artificial DAG mixture will serve as an impor
tant advantage in the use of this mixture as a chromatographic standard because it will
ensure the comparison of 1,2-sn-DAGs of natural origin with the widest range of
DAG species, i.e., with all the DAG species possible for a given fatt y acid com
position in a mixture.

CO NC LUSION

The proposed method of reversed-phase chromatography of the DMB deriva
tives of DAGs in the meth anol-trimethylborate-n-tetradecane system appears to be
suitable for the analysis not only of model DAG mixtures but also of DAG samples
obtained by the enzymatic hydrolysis of polar glycerolipids, and the standard mixture
can be used as a standard for the chromatographic identification of DAGs with L 1 =
24-36 in terms of their lipophilicities and for the three DAG species with L 1 = 24,26
and 36 according to their structures.
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SUMMA RY

Meth yl ester, mono-, di- and triglyceride classes were separa ted and quanti
tated by high-performance liqu id chrom atography. Baseline separations were
achieved on an amino-, cyano-bonded Parti sil column with a gradient from hexane
chloroform (60:65) to hexane-chloroform- acetonitrile (25 :65:35). The eluate was
monitored by an infra red detector set at 5.72 JIm, and peak areas were determined by
computer integrat ion. Meth yl 9,10-dihydroxystearate was used as an internal stan
dard. The total run time and recycling time was 35 min. A precision of 10 % or better
was obtained for all components , even at the I % (w jw) level.
- - - --..._- -- - - - .- ------ -_. . .. ----- - - ---.". _ - _ .....--._---

INTR OD UCTION

Separation and qu antitation of mixtu res of fatty acids and mono-, di- and tri
glycerides are often desired in natural products, emul sifier add itives and food chem
istry. Thin -layer (T LC) l-4 and columrr' :" chroma tog ra phic methods separa te lipid
classes, but are time con suming and require additiona l techniques for qu an titati on of
the fractions. Chromarods7 ,8 and gas chromatography (GC)9-11 have been used to
quantitate certain components, but they do not permit isolation of material for fur
ther study. High-performance liqu id chromatography (HPLC) with ultraviolet detec
tion at 213 nm is not qu antitative for mixtures containing a variety of unsaturated
components 12 .

To date, a dual-grad ient HPLC system utilizing the transport flame ionization
or "moving wire" detector has shown the most success in quantitat ion of lipid
classes' :'. We have now developed a system of single-gradient HPLC utilizing infrared
(IR) detection that separates and qu antitates acyl-conta ining lipid classes.

0021-9673/81/0000-0000/$02.50 © 1981 Elsevier Scientific Publish ing Co mpany
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Methyl palmitate, tripalmitin, dipalmitin and monopalmitin of purity greater
than 99 %were obtained from Nu-Chek-Prep (Elysian, MN, U.S.A.). A product sold
as "methyl 10,II-dihydroxystearate" was obtained from K & K Labs. (Plainview,
NY, U.S.A.). Four grams of this product were placed on a dry column (21 em x 2 em
I.D.) of Hi-Flosil and eluted with a litre of chloroform. The eluate was evaporated to
dryness, and the residue was recrystallized from 600 ml of cold ( - IO°e) diethyl ether.
Mass spectrometry proved that the purified ester was actually methyl 9, 10-dihydroxy
stearate.

Five standard mixtures (Table I) were prepared by dissolving known amounts
of each of the following in chloroform: methyl palmitate, tripalmitin, dipalmitin,
methyl 9,10-dihydroxystearate and monopalmitin. The concentration of each com
ponent in each solution is given in Table 1. In addition, the ratio of the moles of each
component (My) to moles internal standard (MJ is given for comparison with the
analytical findings. The ratio of the peak area (A y) of each component to the area of
the internal standard (AJ was calculated for each trial, and the averages of the trials,
X (AyIA,), are given in Table 1.

Two other standards were also prepared. Crude soybean oil was lipolyzed and
recovered 14, and the resulting mixture was treated with diazomethane-" to convert
the free acids into methyl esters. Methyl 9, IO-dihydroxystearate (65.2 mg) was added
to 28.2 mg of this mixture in 0.7 ml of chloroform. In a second sample, 282.8 mg of
commercial shortening and 2.07 mg of methyl 9, IO-dihydroxystearate were dissolved
in 0.25 ml of chloroform.

HPLC was accomplished on a column (25 cm x 4.6 mm) of Partisil PXS 10/25
PAC (Whatman, Clifton, NJ, U.S.A.), using gradient elution. Solvent A was hexane
chloroform (60:65) and solvent B was acetonitrile-hexane-chloroform (35:25:65). A
linear gradient of these two solvents went from 2 to 95 %Bin 20 min at 2 ml/min. The
chromatographic system included two M-6000A pumps, a Model 660 solvent pro
grammer (all from Waters Assoc., Milford, MA, U.S.A.) and an IR detector for
liquid chromatography (DuPont, Wilmington, DE, U.S.A.) set at 5.72 /lm and 0.1 A
attenuation.

Typically, samples of 0.5 to 1.5 mg were injected, although 55 mg of the
commercial shortening were injected because the components of interest represented
only I to 4 %(w/w) of the total mixture. A typical run time was 35 min, with 6-7 min
needed to recycle before the next injection.

A laboratory-wide computer system!" was used to determine peak areas. Each
HPLC run was stored in the computer and then displayed on an interactive graphics
terminal. The cross-hairs of the terminal were used to mark the beginning, end and
baseline location for each peak. The area above the baseline was calculated by the
computer, and an area report was printed. This rapid interactive method was required
because a solvent front and the triglyceride peak eluted simultaneously. In labora
tories not equipped with a manually controlled computer integration system, similar

* The mention of firm names or trade products does not imply that they are endorsed or recom
mended by the U.S. Department of Agriculture over other firms or similar products not mentioned.
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control over beginning, end and baseline of each peak can be obtained by using the
"cut and weigh" method.

RESULTS AND DISCUSSION

In the early stages of work, it was found that free acids tailed and overlapped
the diglycerides. Esterification of the free acids in the sample before analysis elim
inated these difficulties and allowed quantitation of the free acids (as methyl esters).
Inclusion of an internal standard permitted independent quantitation of individual
components. Methyl 9, l O-dihydroxystearate was selected as internal standard be
cause it is readily available, reasonably inexpensive, and gives a peak that is well
resolved from others in the chromatogram.

Most available solvents (both Spectro and ACS grades) contain traces of ma
terials that absorb at 5.72 usx». Hexane and acetonitrile had absorbances of similar
intensities at 5.72 Jlm, but chloroform was one of the few solvents that had virtually
no absorbance in that region. Careful balancing of the amounts of hexane, acetoni
trile and chloroform in solvents A and B was necessary to produce a baseline that had
relatively little drift as the program progressed. A typical baseline (Fig. la) was
generated from a trial in which only chloroform, the solvent used in sample prepa
ration, was injected. The chloroform produced a negative peak ca. 1.4 min after
injection.

Inset

Inject 10 20
Time (min) M,/M,

Fig. 1. (a) Typical baseline produced on a Partisil PXS 10/25 PAC column with a linear gradient of solvents
A [hexane-chloroform (60:65)] and B [acetonitrile-hexane-chloroform (35:25:65)] from 2 to 95% in 20
min at 2 ml/rnin monitored at 5.72 lim; chloroform (5 iiI) was injected at the start of the program. (b)
HPLC chromatogram of standard mixture 1 (methyl palmitate, tripalmitin, dipalmitin, methyl 9, 10-dihy
droxystearate and monopalmitin) under the conditions in (a). Inset: Integration of triglyceride peak. Dotted
line shows baseline used.

Fig. 2. Plots of area of component/area of standard methyl 9, IO-dihydroxystearate (A y/A,) versus moles of
component/moles of standard (My/M,) for methyl palmitate, tripalmitin, dipalmitin, and monopalmitin
based on the mixtures listed in Table I. (a), tripalmitin (slope, 2.9); (b), dipalmitin (slope, 1.9); (c), methyl
palmitate (slope, 0.89); (d), monopalmitin (slope, 0.75).
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Other irregularities in the baseline resulted from the gradient programming! 7
•

Th e baseline dipped from 4 to 6 min , then rose shar ply. To integra te the triglyceride
peak that eluted with this baseline shift , the baseline following the peak was extended
horizontally through to the beginning of the peak (see inset in Fig . I). This technique
pro vided a consistent method of determining peak area and gave results in good
agreement with the known amounts of sample. At ca. 20 min, a second baseline shift
occurred. Interference between this shift and the monoglyceride peak was eliminated
by running the system at 95 % B for 10 min before recycling for the next run. Since re
equilibra tion of the column by switching directly back to initial conditions took onl y
6 to 7 min , a " reverse" grad ient ' ? was not necessary. When the system was idle for
several hours or overnight , a " warm-up" run through the entire sequence optimized
conditions for later chromatogra phy.

Five sta nda rd mixtures of methyl palmitate, tripalmitin , dip almitin , methyl
9, IO-dihydroxys teara te and monopalmitin (Table I and Fig. I) were each analyzed
four to six times. Since detection is based on absorbanc e due to carbon yl groups,
molar response factors of 3 for triglycerides, 2 for diglycer ides and I for mon oglycer
ides and for methyl ester s would be pred icted. In Table I, the values of .\' (Ay/A,) ar e
approximately three time s the values of M y / M, for tripalmitin, twice the values of
Mi[M, for dipalmitin and the same as the values of M y/Ms for methyl palmitate and
mon op almitin. To det erm ine the actua l response factors, va lues of X(A}./A,) for each
component were plotted against (M}./MJ (Fig. 2). The slopes of the lines were : tripal
mitin , 2.9 (0- 0.07); dip alm itin , 1.9 (0- 0.07); methyl palm itate, 0.89 (0- 0.05); and
monopalmitin, 0.75 (0- 0.07) . Th ese values were used as response facto rs (jy) in calc u
lation of mole s/g of subsequent samples using the equation

My
g sample

where IV is the weight of the sample.
However , the pred icted response factors (number of carbonyl gro ups per mol

ecule) are close eno ugh to the experimenta l values that they could be used to obtain
approximate values of My/g sample. Th e overall relative standard deviat ion for the
meth od was 7.1%. By running eac h sample in duplicate, 95 % confidence limits (C.L.)
of ± 10.0 % were obtained (2s/r = c.L.).

In the study of natural products, it is oft en desirabl e to quantitate classes of
compo unds such as glyceride fractions composed of spec ies having several molecular
weights. Results in molar unit s from IR det ection of ca rbonyl functionalitie s are more
convenient for evaluating these mixtures than the weight percentage obtained from
flame ioniz ation and "moving wire" detectors. For example, in the lipol ysis pro
cedure used to determine the glyceride structure of oils, the extent of hydrolysis is
often calculated from molar rat ios". If results are originally in weight percent, an
average molecular weight for each class must be determined before the results can be
converted to moles.

To demon strate an application of the HPLC-IR method to natural systems, a
soy bean oil lipolysis mixture't':' was prepared and an alyzed (Fig. 3). Mean values
(mrnole/g) of four tr ials were : methyl esters, 4.49 (0- 0.07); tr iglycerides, 0.62 (0-0.05);
1,3-diglycerides, 0.802 (0- 0.003); 1,2-diglycerides, 0.35 (<J 0.02); and monoglycerides
1.40 (0- 0.08). The overall relati ve standard deviation was 4.9 %.
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Fig. 3. HPLC chromatogram of soy bean oil lipoly sis mixture. Condition s as for Fig. I.

Fig. 4. HPLC chromatogram of a commercial shortening. Co nd itio ns as for Fig. I.

A further ad vantage of thi s method is that components present in small
amounts (ca . I %) can be measured to within ±0.1 % by increasi ng the sample size.
Mono- and diglycerides present at 1-4 % (w jw ) levels in a commercial shorten ing
were qu antitated by adding an appropriate am ount of standard and injecting a large
sam ple (55 mg) on to the co lumn (F ig. 4). Mean values (mmo lejg) in six tri als were:
I,3-diglycerides , 0.0387 (a ±0.0025) ; 1,2-diglycer ides, 0.0195 (a ± 0.0015); and mon o
glycerides, 0.0527 (a ±0.0008). The ove ra ll relat ive sta nda rd deviation was 5.9 :/;'.
By adjust ing the intern a l standard and sample sizes, even sma ller amo unts of mono
glycerid es could probab ly be qu antitat ed with similar precision.
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SUMMARY

A simple method for the measurement of plasma paracetamol concentrations
using a novel extraction/acetylation procedure prior to gas-liquid chromatographic
analysis has been developed. The sample (100 Ill) is vortex-mixed for 30 sec with 0.067
mole/I phosphate buffer, pH 7.4 (50 Ill), internal standard solution (N-butyryl-p
arninophenol (200 mgfl) in chloroform) (50 Ill) and "acetylation reagent" (acetic
anhydride-N-methylimidazole (catalyst) -ehloroform, 5:1 :30) (20 Ill). After centrifu
gation at 9950 g for 3 min , a portion (5 pi) of the resulting extract is analysed on a 1.5
m x 4 mm J.D . glas s column packed with 3 % (w/w) C 8 7 hydrocarbon (Apolane-87)
on Chromosorb W HP, 100-120 mesh, ma intained at 235°C, A specimen together
with a quality control sample can be analysed , in duplicate, within 20 min. The limit
of accura te measurement of the assay is 10 mg /l, and few potential sources of inter
ference ha ve been identified. The method has advantages of speed and reproducibility
over other gas-liquid chromatographic procedures and, in addition , of selecti vity
over spectrophotometric techniques. The procedure provides a useful alternati ve to
liquid chromatographic methods for emergency paracetamol measurements.

INTROD UCTION

The rapid measurement of plasma paracetamol (acetaminophen) concen
trations can be important in the diagnosis and management of acute paracetamol
poisoning", especially with respect to cases presenting more than 12 h after ingestion
of the drug". The available methods have been reviewed by Wiener:'. Chromatograph
ic techniques have advantages of selectivity and small sam ple requirement when
compared with spectrophotometric methods, and a rapid high-performance liquid
chromatographic assay has been described recently".

The method presented here for the measurement of plasma paracetamol con
centrations involves the formation of the acetyl derivatives of paracetamol and of the
internal standard, N-butyryl-p-aminophenol, prior to gas-liquid chromatographic
(GLC) analysis", However, studies with N-methylimidazole (ca. 360 times more ef
ficient th an pyridine in th e catalysis of th e acetylation of isopropanol") ha ve prompt-

0021-9673/81/0000-DOOO/S02.50 © 1981 Elsevier Scientific Publishing Compa ny
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ed the simplification of the procedure to the extent that the extraction and deri vati
sation can be accomplished in a single step .

EXPERIMENTAL

Materials and reagents
Paracetamol and N-butyryl-p-aminophenol were obtained from Sigma

London (Gillingham, Great Britain) and from Winthrop (Surbiton, Great Britain),
respectively. The latter compound was used as a 200 mg/l solution in chloroform
(analytical-reagent grade) which was stable for at least 3 months if stored at 4°C in
the absence of light. The "acetylating reagent" was a mixture of acetic anhydride
(analytical-reagent grade)-N-methylimidazole (Aldrich, Gillingham, Great Britain)
chloroform (5: I :30), and was prepared daily. Sodium dihydrogen orthophosphate,
disodium hydrogen orthophosphate (both analytical reagent grade) buffer , 0.067
mole /l, pH 7.4 ("phosphate buffer") was prepared in distilled water.

Gas-liquid chromatography
A Pye 104 gas chromatograph equipped with dual flame-ionisation detectors

was used, and integration of peak areas was performed using a Hewlett-Packard 3352
data system. The column oven temperature was 235°C and the detector oven tem
perature was 300°C; injection port heaters were not employed. The column, a 1.5 m
x 4 mm LD . glass tube, was silanised by treatment with 2%dichlorodimethylsilane
in toluene for 8 h, rinsed with methanol and dried at lOO°C prior to packing with 3%
(w/w) CS 7 hydrocarbon (Apolane-87) on Chromosorb W HP , 100-120 mesh , pur
chased ready-prepared from Pierce and Warriner (Chester, Great Britain). The car
rier-gas (nitrogen) flow-rate was 40 ml/rnin, and the hydrogen and oxygen inlet pres
sures were 15 and 10 p.s.i., respectivel y.

The chromatography on this system of a derivatised extract of an aqueous
solution of paracetamol to which N-butyryl-p-aminophenol had been added is il
lustrated in Fig. I. The retention times on this system of some compounds extracted
under the conditions of the assay, measured relative to the internal standard, are
given in Table L

Sample preparation
Plasma or serum (100 Ill), internal standard solution (50 Ill), phosphate buffer

(50 Ill) and acetylating reagent (20 Ill) were added to a small test (Dreyer) tube
(Poulten, Selfe and Lee, Wickford, Great Britain). Hamilton gas-tight luer-fitting
glass syringes (2.5, 2.5 and 1.0 ml, respectively) fitted with Hamilton repeating mech
anisms and stainless steel needles were used in the addition of these latter volumes.
The contents of the tube were vortex-mixed for 30 sec and the tube was centrifuged at
9950 g for 3 min in an Eppendorf centrifuge 5412 (Anderman, East Molesey, Great
Britain) which was modified to accept Dreyer tubes by drilling-out the O.4-ml test
tube centrifuge adapters. Subsequently, a portion (3-5111) of the chloroform layer was
taken and injected onto the gas chromatographic column using a syringe fitted with
an 11 .5-cm needle . The whole procedure was carried out at room temperature, nor
mally 22°e.

Duplicate sample analyses were performed and the mean results taken.
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Fig. I. Chromatogram obtained on analysis of an extra ct of an aqu eous solution containing paracetamo!
(200 mgjl) on the C8 7 hydrocar bon system; 3-JlI injection. The initia l N-butyryl-p-amin ophenol concen
tration was 200 mjl. Peaks : I = acetylated paracetamol ; 2 = acet ylated N-bu tyryl-p-amin ophenol. See
text for chromatogra phic conditions.

Instrument calibration
Solutions containing paracetamol at concentrations of 20, 50, 100, 200, 300

and 400 mg/l were prepared in distilled water by dilution of a I gil par acetamol
solution in meth anol. The se solutions were stable for at least 3 months if stored at 4°C
in the absence of light. On analysis of these solutions, the ratio of the peak area of
acetylatcd paracctamol to that of the internal standard was linear (Fig. 2). The cali
bration gradient normally obt ained was 0.008 l/rng, with an inte rcept of - 0.086.

RESULTS AND DISCUSSION

Choice of ex traction condit ions
Although some procedures involving the OLC analysis of underivat ised para

cetamol have been described, the majority of published methods incorporate a de
rivatisation step prior to chromatographic assay". Howe ver, these der ivatisations
were not only time-consuming in themselves, but also required prior solvent extrac-
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TABLE I
R ET ENTION TIMES OF AC ETYLATED PARAC ETAM OL. N-BUT Y RY L-p-A M IN O PHENO I
AND SOM E OTH ER CO M POUN DS 0 TWO-COL UM N SYSTE MS
See text for chro ma togra phic co ndi tions .

Compo und Retention time
(relative to Ni-butyrvl- p-aminophenol)

Ethosuxim ide
Barbiton e
Methyprylone
Ibupro fen
A llob arbiton e
Aprobarbitone
Meprobamate
Butobarbitone
A llylbarbitone
Methsuxim ide
Am ylobarbitone
Phenacetin
Paracetamol (acetylat ed )
Chlorpro pa mide
Pentobarbitone
Quinalbarb iton e
Etho toi n
Methoin
"Glute thimide me tab ol ite"
Phen ylethylm alondiami de
Brallobarbitone
Hexobarbiton e
Caffei ne
G lu tethimide
Lign ocaine
Phenazone
N- Buty ry l-p-a minopheno l (uce tylated)
Am idopyrine
T hio pento ne
Diphenhydramine
Propylph en azone
"Glute thimide met ab olit e"
Phen obarbitone
Cycloba rbitone
Orphen adrine
Hcptabarbitone
Cycl izine

CM7 hvdrocarbon system

0.19
0.32
0.36
0.40
0.4 1
0.45
0.47
0.48
0.50
0.50
0.5 4
0.55
0.59
0.60
0.63
0.68
0.76
0.77
0.8 4
0.85
0.87
0.9 1
0.93
0.96
1.00
1.00
1.00
1.08
1.09
1.12
1.18
1.20
1.22
1.29
1.36
1.74
2.2 1

SP-2250 system

0.15
0.27
0.32

(0.2 1 a nd 0.29)
0.35
0.37
0.7 1
0.39
0.38
0.37
0.4 3
0.5 \
0.68
0.37
0.4 8
0.55
0.87
0.76
1.58
1.1 9
0.85
0.79
0.92
0.82
0.73
0.95
1.00
1.00
0.68
0.67
1.07
1.00
1.26
1.17
0.83
1.57
1.25

tio n and concentration steps, rendering the procedures to o lengthy for emergency use
T he introduct ion " of N-methylimidazo le as bot h catalyst and proton-accepting bast
in place of pyr idine in the catalysis of acetylation reacti on s prompted the presen
work. N-Methylim idazole, a liq uid at room temperature, is not onl y a more efficien
cat alyst than pyridine but is a lso widel y available, non -toxic and miscible with water

Although it was thou ght that a large excess of ace tic anhydride would be
required if the deriva tisa tio n o f paracetam ol was a ttem pted in the presence of water
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Fig. 2. Ca librat ion gra ph of peak ar ea ra tio of acetylated paraceta mo l to intern al sta nda rd against par a
ceta mol concentra tio n in the aqueous calibra tion sta nda rds.

the direct use of an acetic anhydride-ca ta lyst-chloroform mixture has allowed the
simple extraction procedure to be used . In practice, it was found that only relatively
small amounts of both acet ic anhydride and N-methylimidazole were required, and
this had the ad vantage of restricting the size of the "so lvent front " obtained on GLC
an alysis of the extract to that normally associated with the inject ion of chloroform
alone (F ig. I). Phosphate buffer was used in the assay in order to yield a final extrac
tion mixture with a pH of ca. 6. On ana lysis of extracts of sta ndard aqueous para
cetamol solutions, both paracetamol and the internal standa rd gave rise to sharp,
symmetrical peaks (Fig. I), suggesting that the acetylated derivatives had been
formed. Analysis of these standard solutions performed without the addition of acetic
anhydride did not give rise to any peak s, whereas treatment of both paracetamol and
N-butyryl-p-aminophenol with N-methylimidazole-acetic anhydride (2 :1, v /v) for 10
min at room temperature gave rise to compounds with retention times identical with
those obtai ned on the direct an alysis of aqueous paracetamol so lutio ns (Table I).

Recovery studies
Stand ard solutions conta ining par acetamol at concentra tions of 50, 100 and

250 mg/l were prepared in heparinised bovine plasma by dilution of a 1 gil methanolic
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solution of the drug. The apparent recoveries of acetylated drug were 94.9 ± 1.1 ,94.5
± 1.3 and 95.8 ± 0.4 (S.E.M.) %, respecti vely (n = 10 at each concentration), when
compared with the aqueous calibration solutions. (N.B. The latter solutions were
preferred for routine use in view of their greater stability with respect to plasma
standards7

. )

Sources of interference
No endogenous sources of interference have been observed. The chromato

gram obtained on anal ysis of a specimen of drug-free human plasma is illustr ated in
Fig. 3, and that obtained using a specimen from a patient who had ingested para
cetamol is shown in Fig. 4. Anal yses undertaken without the addition of the internal

;,

I I
I
r
!
I

j
I I Iii I i
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Time (minI

Fig. 3. Chroma togram obtained on ana lysis of an extract of dru g-free human plasma on the C8 7 hydro
carbon system; S-JlI injection . The initial N-buty ryl-p-amino phenol concentration was 200 rng/I, and peak
:2 is acetylated N-but yryl-p-amin ophenol.

Fig. 4. Chro ma togram obtained on ana lysis of an extract of plasma from a patient who had ingested
paracetamol on the C8 7 hydrocar bon system; 4-/11 injection . The initial N-but yryl-p-aminophenol co ncen
tration was 200 rng/l, and the plasma paracetamol concentration was foun d to be 44 mg/l, Peaks: I
acetylated paracetamol ; 2 = acety lated N-butyry l-p-aminophenol.
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standard have not revealed the presence of endogenous compounds which could
interfere with this latter substance. Anal yses of specimens obtained post mortem ha ve
given analogous results.

Assessment of pot ential interference from other drugs or exogenous agents is
complicated by the need to consider not onl y drugs directly extracted under the
conditions of the assay but also additional compounds which could be acetyl ated jex
tracted. However, the range of compounds involved is probably no greater than with
methods incorporating separate extraction and derivatisation steps". A further con
sideration is that the concentrations of paracetamol attained following overdosage
are relati vely high (in our experience up to I gil) when compared with most centrally
acting agents such as barbiturates, glutethimide or meth aqu alone", suggesting that
only compounds potentially occurring at plasma concentrations of the order of 10
mgjl or greater need be con sidered. Finally, if the presence of interfering compounds
is suspected, analysis of specimens without addition of the acetyla ting reagent but
using pH 4.5 buffer" provides a simple means of differentiating between compounds
extracted directly under the conditions of the assay and those, such as paracetamol
and N-butyryl-p-aminophenol, which have to be acetylated prior to chromatographic
analysis.

No interference from exogenous compounds has been observed during the
routin e operation of the assay over a nine-month period, during which time speci
mens from patients who had ingested or been treated with a wide variety of com
pounds were analysed . (N.B. Whenever possible, the identification of paracetamol in
plasma specimens was confirmed by a colour test performed by add ition of o-cresol
ammon ia to a hydrolysed urine specimen/. ) In particular , interference from salic
ylate, diflunisal , ibuprofen and benorylat e or from met abol ites of paracetamol or
chlormethiazole was not ob ser ved. Of the drugs which were ext rac ted and chroma
tographed under the cond ition s of the assay (Table I), several (including phenacetin)
present potential sources of interference. (N.B. Some addition al compounds, such as
phenytoin, primidone, carbamazepine, azapropazone, methaqualone and the ben
zodiazepines eluted at retention times greater than 1.80 relati ve to acetylated N
butytyl-p-aminophenol. ) Phen acetin was resolved from paracetamol on a second rel
atively polar column system, 3 % SP-2250 on Chromosorb W HP, 80- 100 mesh
(Chromatography Services, Hoylake, Great Britain). Th e retention times of the com
pounds under study on this second system are given in Table I, and the separation of
acetylated paracetamol and N-butyryl-p-aminophenol is illustrated in Fig . 5. The
chromatographic conditions employed for this second system were identical with
those used for the C8 7 hydrocarbon system .

Interference from "cresol B.P." (a mixture of 0-, m- and p-cresol) and "chloro
cresol B.P." (4-chloro-3-methylphenol) did not occur. These compounds are used as
preservatives in mucous heparin solutions and, as reported by Pitts lO

, contamination
from the solution containing "cresol B.P." especially can cause serious interference in
the widely-used spectrophotometric paracetamol assa y of Gl ynn and Kendal!!. Con
tamination of this type is possible if a specimen is drawn initi ally into a heparinised
blood -gas syringe, and may not be recogni sed unless the absorption spectrum of the
final react ion product is examined . Similarly, potential interference from sa licylate in
this latter method, although not of great magnitude, necessitates either examination
of the final absorpt ion spectrum or simultaneous salicylate measurernent'. As with all
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Fig. 5. Chromatogram obt ained on analysis of an extract of an aqueous solution containing paracetamol
(200 mg/l) on the SP-2250 system; 4-JLI injection. The initial N-butyryl-p-aminophenol concentration was
200 mg /l, Peaks: I = acetylated paracetamol; 2 = acetylated N-butyryl-p-aminophenol. See text for
chromatographic conditions.

spectrophotometric methods for plasma paracetamol assay, interference from this or
other sources can lead to equivocal results , especially at relatively low plasma con
cent rations. This can be very important where the patient presents , or paracetamol
overdose is suspected on clinical grounds, many hours after ingestion of the drug. In
such cases, the diagnosis often rests upon the accurate measurement of the residual
paracetamol plasma concentration.

Reproducibility
The intra-assay coefficients of variation (C.V.) obtained on replicate analysis of

standa rd solutions of paracetamol prepared in expired blood -bank plasma7 were
4.2 %at 48 mg/l (n = 10) and 2.3 %at 238 mg/l (n = 10).

Limit of sensitivity
The limit of accurate measurement of the assay was 10 mg/l; the intra-assay

C.V. at this concentration was 9.2 % (n = 7).
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External quality control scheme
Paracetamol solutions prepared in expired blood-bank plasma7 were analysed

by the present method over a nine-month period. There was a good correlation
between the results obtained (mean = 195 mgjl , range 50-476 mgjl) and the weighed
in paracetamol value (mean = 192 mgjl; range 48--492 mgjl) (r = 0.99; n = 27).
Linear regression analysis using the weighed-in value as the independent variable
revealed a gradient of 1.06 and an intercept on the y-axis of - 7.9 mgjl.

Catalyst concentration, extraction time and extract stability
In order to investigate the effect of such variables as the concentration of N

methylimidazole on the apparent recovery of acetylated paracetamol and internal
standard, a second non-derivatisable standard was incorporated in the procedure.
The compound chosen, n-tetracosane (C24 ) (Koch-Light, Colnbrook, Great Britain),
eluted at a retention time of 1.42 on the SP-2250 system relative to acetylated N
butyryl-p-aminophenol, and was used as a I gjl solution in chloroform (analytical
reagent grade). The investigations were performed using standard solutions of para
cetamol (100 mgjl) prepared in water or expired blood-blank plasma. The extractions
were performed as described previously in triplicate, except that n-tetracosane so
lution (20 Jil) was added to each tube prior to vortex mixing and, in the first instance,
changes were mad e in the amount of N-methylimidazole added. Peak-height measure
ments of both acetylated paracetamol and N-butyryl-p-aminophenol were perform
ed relative to the peak height of n-tetracosane.

Use of an acetylating reagent consisting solely of acetic anhydride-ehloroform
(I :6) with an aqueous paracetamol solution did give rise to acetylated paracetamol
and N-butyryl-p-aminophenol (mean peak height ratios 0.39 and 0.28, respectively),
but these ratios were less than those obtained using the normal acetylating reagent
(mean ratios 0.50 and 0.40, respectively) and there was greater variation in the in
dividual results. Re-mixing and subsequent analysis of the extracts performed with
out the addition of the catalyst did give an increased yield of the acetylated com
pounds (mean ratios 0.46 and 0.34, respectively), but no major change was observed
following this sequence using the normal extracts (mean ratios 0.48 and 0.41). Ad
dition of N-methylimidazole at twice the normal concentration in a further experi
ment did not give rise to an increased yield of acetylated products (mean ratios 0.50
and 0.41, respecti vely).

Information on the adequacy of the 30-sec mixing period was obtained from
the experiment above where the results of the re-mixing and re-analysis of normal
extracts were quoted. The stability of these extracts was shown by re-analysis of the
extracts after 8 h at ambient temperature, both before and after re-mixing, which gave
identical results (mean ratios 0.48 and 0.41, respectively) to those given above. Anal
yses of the plasma paracetamol solution gave analogous results to those obtained
with the aqueous standard with respect to extraction time and extract stability, given
the slightly lower relative recovery of paracetamol from plasma as compared with
aqueous solutions.

CONCLUSIO NS

The method described here has been found to be suitable for the measurement
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of the plasma paracetamol concentrations attained after overd osage with thi s com
pound . N-Methylimidazole is preferable to pyr idin e as a catalyst in the deri vati sat ion
procedure since th e former com pound is widely ava ilable and is a lso non-toxic, and
thus the procedure can be ca rried out in the open laborat or y. Nei ther ext ract concen
tratio n nor prolonged hea ting is em ployed, and on ly 200 JlI of specimen are req uired
for a duplicate analysis which can be completed, together with the analysis of a
quality control speci men, within 20 min. The proced ure is relat ively specific, and
offers a useful a lternative to liqu id chroma tographic procedures for eme rgency
plasma par acetam ol measurements.
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SUMMARY

The high-performance liquid chromatographic procedures for the assay of
idoxuridine and the test for related substances described in the British Pharma
copoeia 1980 were investigated. It was found possible to optimize the composition of
the eluent with respect to the elution time without loss of separation efficiency. Ten
commercially available octadecylsilyl-bonded silica packings were investigated in
order to find any suitable supports other than the one prescribed . The packings
exhibited large differences in retention behaviour and selectivity. An impurity, which
the test for related substances does not take into account, was found in some samples
of idoxuridine and it has been isolated and identified as 5-bromo-2'-deoxyuridine.

INTRODUCTION

The British Pharmacopoeia 1980 (BP 80)1 includes a monograph on idox
uridine, which describes the assay of the drug by high-performance liquid chromato
graphy (HPLC). A test for related substances is also performed by HPLC, and the
same procedures are mentioned in the monograph on idoxuridine eye-drops. The test
for related substances is limited to the two degradation products 2'-deoxyuridine and
5-iodouracil , cf. , the main degradation routes of idoxuridine shown in Fig . 1.

The HPLC procedures for pharmacopoeial purposes involve the use of a pre
scribed eluent and support. Because some interfering peaks corresponding to un
knowns were found in the chromatograms of some samples of this drug substance
and in some preparations using a support of the prescribed nature, we have attempted

* Present address: Laboratory of the European Pharmacopoeia Commission, Council of Euro pe, F
67006 Strasbourg, France.

0021-9673/81/0000-0000/$02.50 Q) 1981 Elsevier Scientific Publishing Company



78

0

I~NH
I N),O

0 HOCH2

HO~ ~ I~NH ~OHI N),O +
H OH

OH

IDOXURIDINE 5- IODOUR ACIl 2-DEOXYRIBOSE

jv lV

S. H. HANSEN, M. THOMSEN

HO~OH

OH

+

o
t'NH

~N),O
H

o

t'NH
~N),O

HO~ ~

OH

2~DEOXY-URIDINE URA CIl 2-DEOXYRIBOSE

Fig. I. The main degradation routes of idoxuridine.

to modify the official procedures in order to improve the selectivity and, if possible,
the time of analysis. Several investigations over the last few years"? have shown that
reversed-phase packings of different origins have different selectivities and efficien
cies, and that some packings are preferred for separation of certain classes of com
pounds. This behaviour is believed to be due primarily to differences in the relative
proportion of hydrocarbon-bonded and free silanol groups, and to differences in the
manufacturing processes leading to either monolayers or polymerized multilayers of
the chemically bonded octadecylsilyl (ODS) phases.

For the present study ten different commercially available ODS silica packings
and various eluent compositions were tested. By means of the calculated capacity
factors, k:'; separation factors, «, and reduced plate heights, h, the possible gains in
selectivity and elution time were evaluated. Investigations leading to the identification
of one of the unknown peaks are also presented.

EXPERIMENTAL

Apparatus
The liquid chromatograph used consisted of an Altex Model 110 solvent me

tering pump, a Cecil 2012 spectrophotometer detector and a Rheodyne Model 7120
injection valve. Chromatograms were recorded on a Kipp & Zonen Model BD-8
recorder, and retention times and peak areas were measured by means of a Hewlett
Packard Model 3353 A laboratory data system.

Freeze drying of collected fractions was carried out after freezing in liquid
nitrogen in a Heraeus Model RVT 220 vacuum oven at ambient temperature and at a
pressure less than 10 Pa using a Trivac Model S2A vacuum pump. Mass spectrometry
(MS) of the freeze-dried fractions was performed on a Finnigan Model 3100Dj9500
instrument using direct sample insertion and the following instrumental settings: ion
source temperature 250°C; electron energy 70 eV; and multiplier potential 2.3 kV.
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Chemicals
5-Bromo-2'-deoxyuridine was obtained from Sigma (St. Louis, MO, U.S.A.).

All other reagents were of anal ytical grade from E. Merck (Darmstadt, G .F.R.). The
samples and preparations of idoxuridine were from different suppliers.

Chromatography
Stainless-steel columns (150 x 4.6 mm J.D.) were packed with the bulk ODS

silica packings according to a previously described procedures. ODS phases available
only in pre-packed columns were used as obtained from the manufacturers. The
efficiency of the columns, expressed as the reduced plate height, h, measured on
naphthalene when eluted by 90 % methanol in water, was determined for all the
packings investigated . The columns were operated at room temperature, identically in
every respect, apart from intentional modifications, to the procedure for related sub
stances described in the BP 80 monograph on idoxuridine.

The separation on a semi-preparative scale was performed with a column (250
x 8 mm J.D.) packed with ODS-Hypersil and eluted with 5 %acetonitrile in water at
a flow-rate of 3 mljmin.

RESULTS AND DISCUSSION

The eluent
The BP 80 procedure for testing the content of related substances in idox

uridine using a J-lBondapak CI S column eluted with methanol-water (4:96 vjv) and
sulphanilamide as internal standard was published by Carr". The elution time is long,
ca. 30 min , at the prescri bed flow-rate of 1.7 ml jmin. Furthermore, it is increased to
1-2 h if the procedure is carried out according to the BP 80 monograph on idox
uridine eye-drops which contain preservatives such as parabens.

In order to shorten the elution time, the amount and nature of the organic
solvent in the eluent were changed. Table I shows the k ' values for idoxuridine, its
degradation products and sulphanilamide chromatographed on a J-lBondapak CIS
column with different eluents. The order of elution of sulphanilamide and 2'-de
oxyurid inc is reversed when the methanol (MeOH) in the eluent is replaced by ace
tonitrile (MeCN) or tetrahydrofuran (THF). In the last systems the nuc1eosides are
eluted faster, whereas the retention of sulphanilamide is affected only to a minor
extent. The selectivity of the systems with 5 % MeCN and 2 %THF is equivalent to

TABLE I
k' VALUES FOR IDOXURIDINE, RELATED SUBSTANCES AND SULPHANILAMIDE
OBTAINED ON A pBONDAPAK C I 8 COLUMN ELUTED WITH WATER CONTAINING DIF
FERENT ORGANIC SOLVENTS

Substance Methanol Acetonitrile Tetrahydrofuran

4% 5% 3% 4% 5% 2% 3% 4% 5%

(I ) Sulphanilamide 1.3 1.2 1.0 0.9 0.8 1.1 0.8 0.7 0.6
(2) 2'-Deoxyuridine 2.1 1.8 1.0 0.7 0.5 0.6 0.4 0.2 0.1
(3) 5-lodouracil 3.3 3.0 2.0 1.7 1.5 1.6 1.3 1.1 0.9
(4) Idoxuridine 11.7 10.1 6.3 4.9 3.5 3.5 2.4 1.8 1.4
--- - - ----- -- - - _ . . "- - - '
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T ABLE II
k ', ex A ND h VAL U ES FO R IDOX URIDIN E, R ELAT ED SU BSTA NCES AND SULPHANILAMI D E
O BT A INED ON VAR IO US ODS SILI CA C O LU MNS E LU TED W ITH D IF F ER ENT E LUENTS
Substan ces number ed as in Ta ble I. V.. is the hol d up vol ume or the colum n.

COIU IIIIl Sub- 4% Methanol 5% Acetonitrile 2% Tetrahydrofurun
stuncc

k ' ex h k ' ex h k ' ex h

IO-Jlm JlBonda pa k C ," I 0.9
1.8

0.7
1.7 0.7 1.7

(300 x 4 mrn ), 2 1.6 0.4 0.4
prepacked , 3 2.7 1.3 1.3
V.. = 3.7 ml 4 9.7 20 3.2 28 2.9 28

IO-Jlm Bio-Sil ODS I 1.5 1.7 1.0 1.5 0.9
1.6

(250 x 4 mm), 2 2.5 0.7 0.6
prcpacked, 3 4.1 1.8 1.7
V", = 2.6 ml 4 14. 1 10 4.0 15 3.5 15

5-l lm LiChrosorb I 1.2
1.8

0.9 2.0 0.7 4.0
RP -18 2 2. 1 0.4 0.2
(1 50 x 4.6 mm ), 3 3.8 1.6 1.4
V", = 1.9ml 4 14.2 20 3.5 33 2.5 III

5-Jlm Nucleosil C , " I 2.0
1.5

1.3 1.6 1.2
1.6

(1 50 x 4.6 mrn ), 2 2.9 0.8 0.8
V., = 2.2 ml 3 4. 1 2.0 2.0

4 15.9 9 4.8 33 4.3 23

5-Jlm O D S-Hy pe rsil I 1.4 1.9 1.1 1.8 0.9 1.7
(15 0 x 4.6 mrn ), 2 2.7 0.6 0.6
Vm = 1.9 ml 3 4.4 1.9 1.7

4 17.3 6 4.3 10 3.4 12

l fl-rmi Partisil ODS I 1.0
1.5

0.7 1.1 0.8 1.3
(250 x 4.6 mrn ), 2 1.5 0.6 0.6
Vm = 3.4 ml 3 2.3 1.2 1.3

4 5.4 8 2.2 19 2.3 22

IO-Jlm Partisil ODS-2 I 2.4
1.4

1.2
2.3 0.9 6.7

(250 x 4.6 mrn ), 2 3.4 0.5 0. 1
V", = 3.4 ml 3 6.5 2.2 1.6

4 22.4 62 4.6 130 3.0 115

IO-Jlm Radia l Pak C ,• I 2.4
1.1 1.5 2.9

1.2
3.0

( 100 x 8 m m), 2 2.6 0.5 0.4
prepacked, 3 3. 1
V.. = 3. 1 ml 4 13. 1 8 2.6 130 2.8 16

5-llm Spheri sorb SODS I 1.8 1.4 1.2
1.7 1.1 1.4

( 150 x 4.6 mm), 2 2.5 0.7 0.8
Vm =1.9ml 3 3.9 1.9 1.8

4 12.4 II 4.0 22 3.6 18

6-llm Zorbax ODS I 1.7
1.7

1.0
2.2

0.8
3.8

(250 x 4.6 mm), 2 2.9 0.4 0.2
prepacked, 3 5.3 1.7 1.5
V., = 3.0 ml 4 21.3 20 4.0 75 3.0 75
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that of the system with 4 %MeOH, but the total elut ion time is reduced to about one
third.

The effect of the pH of the mobile phase was investiga ted by substitut ing 4 %
MeOH in water by 4 % MeOH in 0.01 M potassium phosph ate buffers with pH
varying from 3.0 to 7.0. No influence of pH on the retention of any of the substances
tested was seen in th is range.

Octadecylsilyl silica pack ing
The suita bility of a number of reversed-p hase ODS silica packings for the

separa tion in question was tested. In Ta ble II are given the k ' values for idoxuridine,
its degrada tion products and sulphanilamide obtai ned with the prescribed eluent as
well as with the above two solvents based on MeCN and THF. The differences in
selectivity and efficiency are illustrated by the separation factor, ex , for sulphanilamide
and 2'-deoxyurid ine and by the reduced plat e height, h, measured with idoxuridine.

The results demon strat e the very different characteristics of ODS silica pack
ings of different origin. Under the present cond itions the compo unds chro ma tograph
ed show little retention on Parti sil-IO ODS, which is only partly covered with ODS
groups, compared to that on the other packings tested . The greatest retention is
obtained on Parti sil-IO ODS -2 and Zorbax ODS, both of which are declared to be of
the mono layer type and with a high coverage of ODS gro ups. Th ey give good reso
lution between sulphanilamide and 2'-deoxyur idine but the peaks are misshapen and
display severe tailing . These two columns, however, have, as do all the others, a high
efficiency equiva lent to a reduced plate height , h, of 4--8, when operated in the re
versed-phase manner as described under Experimenta l.

From Table II oth er chroma togra phic systems may be selected which ena ble a
reduction of the elut ion time to about one third of the or iginal. If the order of elut ion
and thu s the eluent is to be unchanged , Parti sil-l0 ODS is the preferred packing. Use
of 5% MeCN in water as eluent on an ODS-Hypersil column affords an effective
alterna tive.

Unknown impuriti es
During this study some samples of idoxuridine were found to contai n un

known impurities. The one present in largest amo unts was collected from a semi
preparative scale column and the fractions were freeze-dried. An electron impact
mass spectrum of the impurity was recorded and is show n in Fig. 2 together with the
mass spectr um of idoxuridine. The fragments with m]e = 306/308, 190/192 and
147/149 indicate a bromine compound. The fragment with m]e = 117 (deoxyribose)
and other similarities to the fragmentat ion of idoxuridine strongly indicate the un
known impurity to be 5-bromo-2'-deoxyuridine. Thi s was later confirm ed also chro
matographi cally by comparison with an authentic sample of the suspected com
pound.

Chromatograms of imp ure samples of idoxuridine using one of the above
alterna tive systems are shown in Fig. 3. Other impurities than the one identified were
present, especially in preparat ions, but in amou nts too sma ll for isolation and identifi
cation by this technique.
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Fig. 2. Mass spectra (electron impact) of idoxuridine (A) and unkn own impurity (found to be 5-bromo-2'
deoxyurid ine) (B).

Sample preparation
The dissolution in water of even small amounts of idoxuridine takes a long

time (12-24 h). The rate of dissolution cannot be increased by heating as the idox
uridine becomes partially hydrolyzed (Fig . I). However, if the sample is dissolved in a

4 4

I0 .02 a .u

2

min

Fig. 3. Chromatograms of two commercial samples containing unknown impurities obtained on an 5-ll m
ODS -Hypersil column (150 x 4.6 mm) eluted with 5 % acetonitrile in water , flow-rate I rnl/min, with
detection at 254 nm . Peak s: I = sulpha nilamide; 2 = 2'-deoxyuridine; 3 = 5-iodouracil; 4 = idoxuridine;
5 = 5-bromo-2'-deoxyurid ine (0.6 %); 6 and 7 = unknowns.
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small volume of dimethyl sulphoxide and the solution then diluted with water, sample
preparation may be performed within a few minutes, thus minimizing the risk of
biased results and reducing the overall time of analysis.

CONCLUSION

In official monographs, HPLC procedures may be specified in various degrees
of detail. If the prescriptions involve a fixed composition of the eluent and a non
specific reference to a support (e.g., ODS silica) difficulties may be expected due to the
known differences in selectivity of packings of different origin. Consequently the
specific brand of support which was used in the development of the procedure should
be stated in the monograph. Better still, all brands which have been found suitable in
a comparative study, such as the present, could be mentioned as validated possibil
ities.
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Semiquantitative determination of trace substances in the ng/g (ppb)
range by means of thin-layer chromatography

HEINZ MOOSMANN

Analytical Department, Ciba-Geigy Werke Schweizerhalle AG, CH-4133 Schweizerhalle (Switzerland)

(First received August l l th, 1980; revised manuscript received December 30th, 1980)

By increasing the application volumes from microlitres to 5-50 ml per spot it
is possible to detect and determine semiquantitatively trace substances in the ng/g
(ppb) range by means of thin-layer chromatographic (TLC) techniques.

EXPERIMENTAL

Apparatus and method
A simple device allows the application of relatively large volumes onto silica gel

60 F 254 Merck (Darmstadt, G.F.R.) thin-layer plates (Fig. I). This method is based
on known procedures, but adapted to the needs ofTLC t

-
8

. The continuous procedure
is carried out under a permanent air draught in a fume-hood. The size of the spot is
intentionally influenced by the rate of air circulation (adjustment of fume-hood
window). The silica gel layer is marked and scratched with a metal pointer as shown
in Fig. 2. Up to one blank and three standard samples may be spotted onto a single
200 x 200 mm plate.

Tube with cork

stopper

Clamp

I Thin layer plate _ Pipette

L=~__
Fig. I. Application of sample and reference solution, respectively.

Procedure
The marking lines on the plate are made by carefully and repeatedly scraping

off the silica gel with a metal pointer (Fig. 2). The plate is then cleaned with a brush.

0021-9673 /81/0000--0000/$02.50 C<) 1981 Elsevier Scientific Publishing Company
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Fig. 1. Mark ing and separation of layer.

The sample is dissolved in a solvent with as Iow a boiling poin t as possible (e.g.,
chloro form). The pipette is filled and closed at the top (F ig. I). Excess of solution is
removed by dispensing it onto a filter-paper until the pipette is filled to the mark.

The pipette is then placed at the sta rt of the first track on the prepared thin
layer plate (Fig. 3). The pipette solution immedia tely run s out at a slow rat e, so that
the spott ing of 20 ml of so lut ion takes about 3-4 h in a self-contro lled procedu re.
Constant surveillance is not necessar y; however, occasional checkin g may be helpful.
The spot must not be allowed to become too large otherwise substa nce is lost due to
mass tra nsport effects along the marking lines (Fig . 3). After spott ing the plate, the
spots are allowed to migrate once or twice with a polar mobile ph ase (e.g., acetone)
from the original into the second starting region (Fi g. 3). Unwa nted phenom ena, such
as formation of a ring of the concentrated substance and altera tion of the RF values
due to impurities, are avoided by the followin g proc edure.

1-"--' .__ .

1st starting

region

2nd st ar ling

region

Fig. 3. Transfer of a single spot on a narrow silica gel strip.

After the substances are concentrated in the second starting regio n, both
border lines near the spo t are eluted with small qu anti ties (ca. 10 It!) of the solvent
used to concentrate the pro bes. With this meth od the tail ing along the scratched lines
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5n9/9 1011919 Sample Blank --I
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2

3

4

Fig. 4. Scheme ofTLC separat ion with a mixture of dyestuffs. I = Irgan ol brilliant violet base; 2 = terasil
br illiant red; 3 = cibazet violet ; 4 = unknown.

is reduced or even completely avoided. After drying for a short time, the chromato
gram is run in the usual way (Fig. 4). In order to ensure an optimum supply of mobil e
phase and to achieve a good separation, the plate must be immersed ca. 5 em into the
eluting solvent.
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Feasibility study of high-temperature liquid crystals in wall -coated
open-tubular columns*

WALTER L. ZIELINSKI, Jr.*'**, RICHARD A. SCANLAN*** and MICHELE M. MILLER I

Carcinogenesis Program, NCI Frederick Cancer Research Center, Frederick , MD 21701 ( U.S .A.)

(First received Augu st 13th, 1980; revised manuscript received Janu ary 20th , 1981)

We pre viousl y reported "? the synthesis and gas-liquid chromatographic
(GLC) applicatio n of new high-tem perat ure liquid crystals (mesophase transitions
> 150°C) for improved separations of isomers of chemical classes of practical impor
tance . While we have demonstrated improved isomer separations of steroids", bile
acids", and metabolic benzo[a]pyrene phenols7

, the principal thrust of our work had
been focused on isomers of 3-5-ring polycyclic aromatic hydrocarbons (PAHs)l-4.

The use of low-temperature liquid crystals (mesophase transitions < 150°C) in
wall-coated open-tubular columns had been reported earlier (e.g., ref. 8) for low
molecular-weight aromatics (e.g., disubstituted benzenes). The present study was
undertak en to test the feasibility of high-temperature liquid crystals for PAH isomer
separations when used as a wall coating substra te. N,N '-Bis[p-n-butoxybenzylidene]
a,a'-bi-p-toludine (BBBT) liquid crystal was selected for thi s study due to its ready
solubility (in chloroform) for preparation of coating solutions, and its desirable tem
perature transitions".

EXPERIMENTAL

BBBT was prepared as reported previously", and was triple recrystallized from
chloroform. The liquid crystal melted into a smectic phase at 159°, and had smectic
nematic and nem atic-isotropic transitions of 1880 and 3030

, respectively. Wide-bore
(0.76 mm 1.0.) open-tubular columns were prepared from stainless-steel tubing
(Handy and Harmon, Norristown, PA, U.S.A.), and were cleaned (chloroform,
methanol, 50 %potassium hydroxide solution, distilled water, 50 %nitric acid, dis
tilled water, methanol, chloroform), dried with nitrogen, and subsequently coated by
a dynamic coating procedure at room temperature. The coated columns were con-

* Presented in part at the 1979 Pittsburgh Conference on Analyt ical Chemistry and Applied Spectros
copy, Cleveland, OH.

** Present address: Officeof Environmental Measurements, Nat ional Bureau of Standard s, Washing
ton, DC 20234, U.S.A.

*** Present address: Department of Food Science and Technology, Oregon Sta te University, Corvallis,
OR 97331, U.S.A.

I Present address: Chemical Thermodynam ics Division , Center for Thermodynamics and Molecular
Science, National Bureau of Standards, Washington, DC 20234, U.S.A.
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ditioned in the gas chromatographic oven using a I''/min temperature program to
no°c (with initial and final temperature hold times of 2-3 h each) and a helium
carrier gas flow-rate of 5-10 ml/min. The PAH solutes were obtained from standard
commercial sources and analyzed at four carrier gas (helium) flow-rates (3,5, 7 and 10
ml/min) and six column temperatures. All solvents used were glass-distilled. GLC
analyses were run on a Hewlett-Packard 7610A dual-flame gas chromatograph cou
pled to a Hewlett-Packard 3354 laboratory data system, with carrier gas flow-rate
regulated with a calibrated mass flow controller. The G LC oven temperatures were
calibrated by thermocouple readout to a calibrated temperature readout device.
Sample volumes in the order of 0.3 ,ul or less were injected directly into an unmodified
conventional inlet port, and attempts were not made to optimize the columns or
chromatograph towards high chromatographic efficiencies.

RESULTS AND DISCUSSION

Retention data were obtained for 3-ring (fluorene, phenanthrene, anthracene)
and selected 4-ring (triphenylene, benz[a]anthracene, and chrysene) PAH isomer mix
tures on 165-m and 75-m wide-bore (0.76 mm 1.0.) wall-coated BBBT columns in the
nematic temperature range of the BBBT liquid crystal above 188°C. The PAH iso
mers in the 4-ring test mixture were selected since these three PAHs are often difficult
to resolve on GLC high-efficiency wall-coated silicone columns? and HPLC C1 S 

bonded reversed-phase columns lO
.

The resultant retention data, expressed as capacity factors (k '), are summa
rized in Table I. The retention data for 3-ring isomers are averages of the k ' values
determined at four carrier gas flow-rates (3.0, 5.0, 7.0, and 10.0 ml/min) for each
isomer. The standard deviation of these average k:' values ranged from 1-3 %. Linear
regression analysis of log k:' VS. I/T(OK) for each isomer gave correlation coefficients
exceeding 0.997. The separation factors (IX) for consecutively eluting isomer pairs

TABLE I
CAPACITY FACTORS (k') FOR 3- AND 4-RING PAH ISOMERS ON BBBT LIQUID CRYSTAL OPH
TUBULAR COLUMNS

PAH Isomer k '
--- -~_._~-_._-----

Column temperature (C)
----~-----_._--- --- ---- _ ..~--- --- -

195 200 210 no 230 240

Column*
------ - - - - -

A B A B A B A B A B A
---- ----- - - -- --- ~- - -- --------_ .._---- --- --- - - ---- - -

Fluorene 0.59 0.47 0.53 0.43 0.41 0.31 0.34 0.25 0.27
Phenanthrene 1.53 1.21 1.34 1.07 1.02 0.77 0.79 0.62 0.63
Anthracene 2.00 1.57 1.74 1.38 1.29 0.98 0.99 0.77 0.78
Triphenylene 14.8 9.6 6.4 6.2 5.4 5.2
Benz[a]anthracene 20.6 13.0 9.7 8.2 7.0 6.6
Chrysene 26.4 16.5 12.9 10.4 8.7 8.0

- -- - ----------- -- - - --- --

* Column A: 165 m x 0.76 mm J.D.; Column B: 75 m x 0.76 mm J.D.
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were in good agreement between the 165-m and 75-m columns, indicating little dif
ference in relati ve selectivity as a function of column length. The temperature depen
dence of a values for isomer pairs was not large over the column temperature range
studied, and useful r:t. values were still attainable at the highest column temperatures
used (e.g ., «[anthraccne/phenanthrene] was 1.24 at 230"C ; o[benzjcjanthracenejtri
phenylene] and z[chrysene /benzjcjanthracene] was 1.27 and 1.21, respectively, at
240°C). The separation characteristics of the wall-coated BBBT wide-bore open 
tubular columns used in this study are illustrated in Fig . I for 3-ring PAHs (165-m
column), and in Fig. 2 for a mixture of 4- and 5-ring PAH isomers (75-m column).
These results are consistent with earlier findings for these isomers on packed col
urnns ">', and offer evidence that a high-temperature liquid crystal used as a wall
coating substrate retains its selective capacity for the separation of PA H solute iso
mers.
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Capillary gas chromatography is a fast and reliable method for the assignment
of the configurations of optically active compounds, Both the formation of dia
stereomeric deri vatives and the direct separa tion of enantiomers on chiral sta tiona ry
phases have been applied in many versions, especially for amino acids , amines, amino
alcohols and a-hydro xy acids.

Most chiral stationary phases have poor thermal stability. Thi s problem was
overc ome by Bayer and co-workers'< by synthesizing polysilox ane stationary phases
with chemica lly bound chiral constituents. A simpler approach was demonstrated by
Saeed et al.t", who succeeded in modifying commercially avail able silicone polymers
with cyano groups in their side-chains such as OY-225 and Silar-IOC. The cyan o
groups were converted by acid hydrolysis into carboxylic groups and acid chlorides
and coupled with L-valine-tert .-butylamid e. With these stationa ry phases the y were
able to separate amino acids and some amino alcohols such as norephedrine.

In thi s work we introduced chiral constituents into silicone OY-225 aft er reduc
tion of the cyano groups to amino groups with lithium a luminium hydride (LiAlH4 )

and by coupling benzyloxycarbonyl-L-valine and -L-leucine to the amino groups.

EXPERIMENTAL

Reduction of 0 V-225 with LiAtH4

To a suspension of 50 mg of LiAIH 4 in 5 ml of dry diethyl ether a solution
of 100 mg of OY-225 (Applied Science Lab s., College Station, PA, U.S.A.) in 3 ml of
diethyl ether was slowly added and the mixture was refluxed for 5 h. Excess of LiAlH 4

was then decomposed with water. After addition of concentrated sodium hydroxide
solut ion the phases separated. The organic phase was removed, the aqueous ph ase
was extracted three times with diethyl ether and the combined extracts were dried
over sodium sulphate. After removal of the solvent, completion of the reaction was
proved by infrared spectroscopy.

Coupling of Z-L- Vat and Z-L-Leu to OV-225 amine
Z-Amino acids were prepared according to the procedure described by Grass

mann and Wunsch" and added in equimolar ratio to the OY-225 amine in chloroform
solution. After the addit ion of a small excess of dicyclohexyl carbodiimide (D CC)

0021-9673/81/0000-0000/$0:UO ([) 1981 Elsevier Scientific Publishing Company
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the reaction mixture was stirred at room temperature for 12 h. After completion of
the reaction the solution was washed with I N hydrochloric acid, saturated sodium
hydrogen carbonate solution and water and dried over sodium sulphate. To remove
dicyclohexylurea the product was chromatographed on a silica column with ethyl
acetate as eluent.

Preparation of glass capillary columns
Pyrex glass capillary columns were drawn on a Hupe and Busch drawing

machine and coated as described previously". Gas chromatography with hydrogen as
the carrier gas was performed on a Carlo Erba Model 2101 gas chromatograph.

Formation of derivatives
Samples of I mg or less of amines or amino alcohols were dissolved in 200/11 of

dichloromethane and trifluoroacetylated by addition of 50 /11 of trifluoroacetic an
hydride. After 30 min at room temperature the excess of reagent was removed with a
gentle stream of dry nitrogen and the residue was dissolved in 100/11 of dichlorometh
ane and used for gas chromatographic investigation. Amino acids were derivatized
as reported earlier7

.

RESULTS AND DISCUSSION

Various intermolecular forces participate in the formation of diastereomeric
complexes between a chiral solvent and chiral solutes in a gas chromatographic
system. Amino acid derivatives in many instances have proved to be adequate con
stituents of chiral stationary phases for effective separations of enantiomers. It has
been shown't"? that the structure of an acyl, ester or amide moiety of a stationary
phase derived from amino acids or dipeptides strongly influences enantioselectivity.
From our recent work7

, 1 1 on the separation of a-hydroxy acids on mandelic acid
derivatives as stationary phases we concluded that benzyloxycarbonyl residues may
support enantiomer separation. It also seemed interesting to compare the properties
of these new stationary phases with those prepared by Saeed et al.".

For these reasons we introduced chiral constituents into the silicone polymer
OV-225 by reduction of the cyano groups to aminomethylene groups and by coupling
Z-L-Val and Z-L-Leu to the newly formed amino groups with DCC as condensing
agent (Fig. I). As can be seen from the a-values in Table I, both the Z-L-Val and the
Z-L-Leu phases give only poor separations of amino acid enantiomers. However, the
separation factors for amino alcohols and amines are surprisingly high. Amino al
cohols have repeatedly been identified as constituents of peptide antibiotics12

•
1 3 and

the determination of their configuration on a microgram scale has been difficult. The
separation oftrifuoroacetylated aliphatic amino alcohols and amines is not possible or
very poor on such widely used chiral stationary phases as N-dodecanoyl-L-Val-tert.
butylamide'", N-trifluoroacetyl-L-Val-L-Val-O-cyclohexyl ester1 5 and Chirasil-VaI1

.

Aliphatic, cyclic and aromatic amines were separated by Gil-Av and co-workers'P-!?
on stationary phases derived from chiral aromatic amines and on carbonylbis(N-L
valine isopropyl ester)!", Good separation of the N,O-bis-trifluoroacetyl derivatives
of DL-alaninol and DL-valinol was obtained on (O-benzyloxycarbonyl)-S-mandeloyl
L-valine-tert.-butylamide7

•
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Fig. I. Synthetic pa thwa y for the preparation of chira l stationary phases.

TABLE I
IX VALUES FOR CHI RAL STATIONARY PHASES

Racemate Z-L- Val-O V-225 Z -L-Leu-O V-225

IX value Column IX value Column
temperature (0C ) tempera ture (O C)

D,L-Alani ne 1.00 70 1.013 80
D,L-Valine 1.026 80 1.015 80
D,L-allo-Isoleuc ine 1.011 80 1.00 80
D,L-Isoleucine 1.022 80 1.009 80
D,L-Leucine 1.017 80 1.00 80
R,S-2-Aminopentane 1.009 80 1.00 80
R,S-2-Amino-3-methylpentane 1.007 80 1.00 80

1.010 80 1.005 80
R,S-2-Aminohexane 1.015 80 1.010 80
R,S-2-Amino-5-methylhexane 1.019 80 LOll 80
R,S-2-Am inoheptane 1.017 80 1.012 80
R,S-2-Amino-6-methylheptane 1.017 80 1.012 80
R,S-2-Aminooctane 1.020 80 1.015 80
R,S-Phen ylethylamine 1.028 100 1.023 100
D,L-Alaninol 1.00 80 1.00 100
D,L-Aminobutano l 1.011 100
D,L-Valinol 1.008 80 1.018 100
D,L-Norvalinol 1.018 80 1.017 100
D,L-Leucinol 1.025 80 1.022 100
D,L-Norleu cinol 1.023 80 1.019 100
o.t-Norephedrine 1.013 130
D,L-Mande lic acid 1.006 90 1.007 90

- -_.. .. _ --- ---- --_ .__.- ..._....._._--- - --

Chira l amino alcohols could also be separated as N-trifluoroacetyl-O-acyl de
rivatives 19

•
2o with propionyl, isobutyryl or pivaloyl as acyl residues. However, the

procedu re reported for the formation of der ivatives does not seem to be easily ap 
plicable on a microgram scale.

As a peculiarity of the new chiral stationary phases the order of elution of
amino acid enantiomers is not con sistent. On the Z-L-Val phase the deri vatives of D
Val, D-lle and D-allo-I1e have longer retention times than the co rresponding L-enan
tiomers .

With the Z-Leu-OV-225 sta tionary phase the deri vati ves of t-Ala but D-Val are
retarded . Similar observations have been made with carbonylbis(N-L-valine iso
prop yl ester) as stationary pha se!" . With the amino alcohols (F ig. 2) the D-enan-
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tiomers consistently have longer retention times than the corresponding L-form s on
both the Z-Val and Z- Leu phases. For the amines (Fig. 3) the S-enantiomers have
longer retention time s in the case of2-aminopentane and phenylethylamine. The other 2
aminoalkane s were available onl y as racemates.

The major ad vantage of polymeric stationary phases over low-molecular
weight phases is their higher thermal stability. In this instance the limit of thermal
stability has not yet been tested , but operation of the column at up to 130°C for
several weeks did not decrease its separation efficiency. It is expected that further
interesting results will be obtained by connecting other chiral compounds to func
tion alized silicone polymers.
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Glass capillary gas chromatography of methyl. methyl 2-chloro and
chloromethyl esters of C2-C2 0 n-carboxylic acids

ILPO O. O. KORHONEN

Department of Chemistry, University of Jyvdskyld, SF-40100 Jyvdskyla 10 ( Fin/and)

(Received December 15th, 1980)

Numerous papers has been published on the gas chromatography (GC) of
carboxylic acids and their derivatives", but studies on their chloroalkyl esters have
not been reported. On the other hand, the GC of fluorinated carboxylic acids and
their methyl esters has been described2

,3 .

Recently, the chlorination of short-4, medium-" and long-chain" methyl esters
have been reported to produce all possible monochloro isomers and also chlorometh
yl esters. GC product analyses indicated that the monochloro esters are eluted in se
quence from 2-chloro to co-chloroisomers, the 2-chloro esters always being eluted
first. Chloromethyl esters left the column after 3-chlor04 and 4-chloro isomers" .

This paper describes a study of the GC of all methyl, methyl 2-chloro and
chloromethyl esters of C2-C2 0 n-carboxylic acids.

EXPERIMENTAL

Apparatus
GC analyses were carried out on a Varian Model 2400 gas chromatograph

equipped with a flame-ionization detector and a 90 ft. x 0.012 in. I.D. glass capillary
column coated with 5 % Carbowax 20M, with a flow-rate of nitrogen of I ml /min,
The column temperature was held at 40°C for 4 min, then programmed from 40 to
235°C at 8°C/min. The splitting ratio was I :20. The temperatures of the injector and
detector were 200 and 220DC, respectively.

The samples were purified by preparative GC on alOft. x 3/8 in. 0.0.
aluminium tube packed with 10% Carbowax 20M on Chromosorb W (60-80 mesh).
Appropriate temperatures were used, with a flow-rate of nitrogen of 100 ml/rnin.

Samples
Methyl esters were obtained by the usual sulphuric acid-catalysed esterification

of commercial acids (Fluka, Buchs, Switzerland). Methyl 2-chloro esters were pre
pared from the corresponding 2-chloro acid chlorides7 and methanol, except methyl
chloroacetate, which was prepared from commercial chloroacetic acid (Fluka) by
esterification. Chloromethyl esters" were synthesized from the corresponding acid
chlorides and paraformaldehyde in the presence of a trace amount of zinc chloride.

The samples were purified, if necessary, by preparative GC and their structures
were verified by NMR spectroscopy before GC analysis.

0021-9673/81/0000--D000/$02.50 © 1981 Elsevier Scientific Publishing Company
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The gas chromatograms of methyl, methyl 2-chloro and chloromethyl esters
are presented in Fig. I, and the separation of a mixture of these esters is shown in Fig.
2. The retention data of the esters are given in Table I.

Polar stationary phases are more efficient than non-polar ones for the sepa
ration of isomeric monochloro esters . Even all eleven methyl monochlorodo
decanoates were resolvable in a Carbowax 20M glass capillary column".

It is necessary to use temperature programming for the analysis of a mixture
with a wide range of chain lengths . The initial temperature should be low enough to
allow the short-chain der ivatives to be separated from the solvent peak, and a suf
ficiently high subsequent temperature is required so that the long-chain isomers will
be eluted sharply. This can be achieved by using a relatively short column, a rapid
temperature programming rate and dilute samples.

All compounds were resolved, except methyl acetate, methyl propionate and
partly also methyl butyrate, the peaks of which overlapped with that of the solvent.
The separation of the mixture of esters was nearly complete; only methyl octanoate
and chloromethyl pentanoate partly overlapped (Fig . 2).

TABLE I
RELATIVE RETENTION TIM ES (RRT) FOR METHYL, METHYL 2-CHLORO AND CHLORO-
METHYL ESTERS OF C,-C20 n-CARBOXYLIC ACIDS

---_.,._..._ _. - _ .. _ - ---_._-----
n-Carboxylic Retention time (min)* RRT** RRT***
acid . ._--- - --_._.. ..,._- - - - - - - - _. ..-- - -_.-

Methyl Methyl Chloro- Meth yl Methyl Chloro- Methyl Methyl Chloro-
ester 2-chloro methyl ester 2-chloro methyl ester 2-chloro methyl

ester ester ester ester ester ester
- -----_."•._ -_..._ - - ._ _._-_.. - _.-.

C2 1.95 § 5.92 3.93 1.00 3.04 2.02 0.16 0.37 0.24
C, 2.10 § 4.68 5.35 1.00 2.23 2.55 0.17 0.29 0.32
C4 2.39 6.03 6.87 1.00 2.52 2.87 0.19 0.38 0.41
C, 3.09 7.57 8.85 1.00 2.45 2.86 0.25 0.47 0.53
C6 4.53 9.40 10.57 1.00 2.08 2.33 0.36 0.59 0.63
C7 6.61 11.23 12.27 1.00 1.70 1.86 0.53 0.70 0.73
C8 8.74 12.94 13.83 1.00 1.48 1.58 0.70 0.81 0.83
C9 10.70 14.51 15.33 1.00 1.36 1.43 0.86 0.91 0.92

CIO 12.43 15.95 16.70 1.00 1.28 1.34 1.00 1.00 1.00
CIl 14.04 17.32 18.00 1.00 1.23 1.28 1.13 1.09 1.08
C12 15.54 18.63 19.27 1.00 1.20 1.24 1.25 1.17 1.15

ClJ 16.91 19.86 20.48 1.00 1.17 1.21 1.36 1.25 1.23
CI4 18.23 21.10 21.68 1.00 1.16 1.19 1.47 1.32 1.30
C15 19.48 22.26 22.79 1.00 1.14 1.17 1.57 1.40 1.36
CI 6 20.73 23.31 23.85 1.00 1.12 1.15 1.67 1.46 1.43
C17 21.88 24.40 24.89 1.00 1.12 1.14 1.76 1.53 1.49
CI 8 22.98 25.45 25.91 1.00 1.11 1.13 1.85 1.60 1.55
Cl 9 24.05 26.44 26.82 1.00 1.10 1.12 1.93 1.66 1.61
C20 25.12 27.41 27.96 1.00 1.09 1.11 2.02 1.72 1.67
..•_ _ ..----_ .--- -- _ . -_. .- _ . . __._--------~------_._---

* From Fig . 2.
** Relative retention time for meth yl esters taken as 1.00.

*** Relat ive retention time for CIOderi vati ves taken as 1.00.
§ Retention times determined using methyl hexanoate as solvent.
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Fig. 2. Chromatogram of a mixture of methyl, methyl 2-chloro and chloromethyl esters of C, -Czo n
carboxylic acids.

In general the samples left the column in the order methyl ester, methyl 2
chloro ester and chloromethyl ester, and in order of increasing chain length. With
acetic acid derivatives, however, chloromethyl acetate, owing to its lower boiling
point, was eluted before methyl chlo roacetate. Also, methyl 2-chloropropionate was
eluted before the latter compound.

Previous work4-u has indicated that all w-chloro compounds have longer reten
tion times than the other isomers. The terminal w-chloro substituent seems to make
methyl chloroacetate more polar than methyl 2-chloropropionate, which leads to
opposite orders of elution on a polar column compared with methyl and chlorometh
yl esters . The retention times of methyl chloroacetate relative to methyl 2-chloro
propionate on a polar Carbowax 20M and a non-polar OV-10 1column were 1.26 and
0.78, respectively. The same effect has been reported with fluorinated acids and their
methyl esters 2 , 3 .
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Identification of dieldrin derivatives
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Regional Forensic Science Laboratory, State of Maharashtra, Dhantoli, Nagpur-440012 (India )

(Received December 12th, 1980)

Various derivatization reagents have been used for the identification of diel
drin, a chlorinated cyclodiene insecticide I - 5. However, all of these methods were car
ried out in test-tubes and the different derivatives were identified by gas chromato
graphy. Recently the derivatization of this insecticide on thin-layer plates and sub
sequent identification of the derivatives together with the parent compound were
reported", and it was observed that dieldrin gave two spots due to derivatives; one of
them was postulated to be dieldrin ketone but the other could not be identified. The
present work shows that both spots are dieldrin ketones.

EXPERIMENTAL

All reagents were of AnalaR grade. The gas chromatographic apparatus and
operating conditions were identical with those described previously? Infrared spectra
were recorded on a Beckman Acculab-I instrument. Melting points were determined
using micro heating table (Boetius) and were not corrected.

The derivatization of dieldrin was carried out on thin-layer chromatographic
(TLC) plates by using zinc chloride-hydrochloric acid reagent as reported earlier".
The spots of derivatives at RF 0.39 and 0.61 were scraped off and collected separately.
The scrapings were extracted with n-hexane and the extracts were subjected to dif
ferent tests.

An aliquot of each extract was evaporated to dryness and the melting points of
the residues were found to be ISSoC (R F 0.39) and \OSoC (RF 0.61). Each extract was
also analysed by gas chromatography and retention times were measured relative to
lindane as the internal standard .

RESULTS AND DISCUSSION

Dieldrin on derivatization is known to be converted mainly to dieldrin ketone",
and hence the predominant spot at RF 0.39 (Table I) was previously postulated as
dieldrin ketone. The data in Table I show that the extract of this spot and also that at
RF 0.61 gave positive responses with reagents such as 3,5-dinitrobenzoic acid and
Schiff's reagent that are normally used for locating ketones, and the infrared spectra
(KBr) of both extracts exhibited bands to OH (3450 em -I), C=O (1740 cm - I ) and
C1C = CCI (1600 em - I. However, they had different relative retention times (6.8 and
5.9, respectively) and melting points (155 and \05 °C, respectively).

0021-9673/81/0000-0000 /$02.50 ~J 1981 Elsevier Scientific Publishing Company
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TABLE I
SUM MAR Y OF TH E DIFFERENT TESTS CA RRIED O UT ON EXT RACTS OF DI ELDRI N DE
RI VATI VES

R,. value of
extract of
spot

0.39

0.6 1

Test jill'
ketones

Positive

Positive

M elting
poin t t 'C)

155

105

RRT*

6.8

5.6

I R bands ( CI11 - \ )

C =O ( 1740)
OH (3450)
CIC= CC I ( 1600)
C=O ( 1740)
O U (3450)
c le = CC I (1600)

* Retent ion time relative to lindane.

Wienke and Burke" reported that treatment of dieldrin with zinc chloride
hydrochloric acid reagent normally gives a chlorohydrin via epox ide ring opening.
Lombardo et al. 8 pr epared aldrin chloro hydrin (melting point I50- 152°C) by zinc
chloride-hydrochloric acid method (yield 84 ~Io) , with 1R bands due to OH (3240
em - t) and ClC = ~Cl (1595 em - 1). Dieldrin reacts with strong min eral acid s to form
a num ber of skelet ally rearranged products. Originally Baker and Skerrett" used
boron trifluoride ethera te to pr oduce " dieldrin ketone" , which was also formed on
usin g concentrated sulphuric ac id 10 . However, all of these reactions yield a mult i
compon ent mixture (T LC giving at least three major spots with sulphuric ac id and
four with boron triflu or ide-diethyl ether) , althou gh one product from the sulphuric
ac id reaction was iso lated and exhibited IR bands du e to C= O ( 1715 cm - I

) , ClC
= CCl ( 1602 ern- t) and CH z (1368 em - 1). The products from these reacti on s were
collect ively designat ed "dieldrin ketones"! ".

As aldrin chlorohydrin shows IR bands du e to OH (3240 em - 1) and ClC = CCI
(1595 cm - 1) and both of the reaction products obtained in the present study show the
presence of a C = 0 group, it appear s th at aldrin chlorohydrin fo rmed in situ und er
goes dehydrochlorinati on 10 , resulting in the formation of two ket o comp ound s.
Moreover, the two keto compounds und ergo reducti on with zinc- hydrochloric acid ,
resulting in one compo und (dieldrin ). This indicat es th at dieldrin on derivat izat ion
with zinc chloride-hydrochloric acid on thin-layer plates was co nverted int o two
dieldrin ketones.
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Preparative-scale high-performance liquid chromatography of ferri
crocin. a microbial product*

H.-P. FIEDLER

Institut fur Biologie II, Lehrstuhl Mikrobiologie I, Auf der Morg enstelle 28, D-7400 Tubingen (G.F.R.)

(Received December 24th, 1980)

The advantages of high-performance liquid chromatography (HPLC) have
been demonstrated in a large number of publications. Of interest is not only its
analytical application but also the transformation of the analytical results to a pre
parative scale for isolation of substances of high purity. Such substances are needed
as standards in analytical HPLC or for the elucidation of structure.

The preparative HPLC reported here was not carried out on an an alytical
column having a small diameter followed by collection of the fractionated eluate, but
in large-diameter columns, as has been reported by other workers l

--4 .

EXPERIMENTAL

Apparatus
A simple isocrat ic preparative HPLC system (Fig. I) was constructed from a

Haskel Model 26740 air-driven pump (Haskel, Burbank, CA, U.S.A.), a Rheodyne
Model 7120 sample injector (Rheodyne , Berkeley, CA, U.S.A.) containing 100-,u1 and
2-ml sample loops and a Knauer Mod el 8100 spectrophotometric detector (Knauer,
Berlin, G.F.R.), equipped with a preparative cell (pathway 2 mm).

6

9

..{E]

Fig. I. Schematic set-up of a preparative high-p erformance liqui d chromatograph . I = Solvent reservoir;
2 = thr ee-way valve; 3 = pump; 4 = sh ut-off valve; 5 = so lvent filter; 6 = injection valve; 7 = column;
8 = det ector; 9 = recorder.

* No. 194 in the series Metabolic products of microorganisms.
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The reversed-phase columns packed with Merck LiChrosorb RP-8 (7 jim) (250
x 16 or 4.6 mm J.D.) were obtained from Knauer.

The Whitey valves, Nupro solvent filter and Swagelok fittings were purchased
from Kontron (Munchen, G.F.R.).

Reagents
Double distilled water was used. Acetonitrile GR was obtained from E. Merck

(Darmstadt, G.F.R.).

Chromatographic conditions
Stationary phase: LiChrosorb RP-8 (7 jim). Mobile phase: water-acetonitrile

(9:1); flow-velocity 12 em/min. Column temperature: ambient. Detector: wavelength
270 nm; sensitivity, 2.0 absorbance units full scale.

Ferricrocin isolation
Ferricrocin, a metabolic product from Aspergillus viridi-nutans (Fig. 2), was

isolated from the fermentation broth by adsorbing the culture filtrate on Amberlite
XAD-2, as described recently", The product was lyophilized and known amounts
were dissolved in water and injected onto the HPLC column.

RESULTS AND DISCUSSION

In an initial investigation, the efficiency of an analytical column was compared
with the preparative column. When using the same particle size (7 jim), and the same
sample weight and flow-rate relating to the column diameter, a reduction of about
10% was observed in the efficiency of the preparative column in comparison with the
analytical column (Table I). This reduction is in contrast to results of Wolf" and
Wehrli?, who found a higher efficiency for the preparative column.

When the efficiency is determined by use of an ideal testing substance, such as
naphthalene, the plate height will be reduced by a factor of 2. Ferricrocin is not an
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TABL E I
EF FI CIENCY OF THE ANALYTI CAL AND PR EPARATIVE CO LU MN S

105

Column diameter
(mm}

4.6
16.0

2.0 Q

I.D.16m m

1.0

Sample weight
( mg )

1.0
12.5

v

Capacity factor,
k '

3.8
4.0

Plate height ,
H ( mm )

0.D78
0.087

Fig. 3. Effect of co lum n over load : a, 100 mg fer ricroc in; b, I g fer r icrocin. I Ferr icrocin .

ideal substa nce for determination of co lumn efficiency because of its low molar ex
tinction coefficient (f:2 7 0 nm = 840 I . mol -I . em - I) and polar character.

In a second investigation the loading limit of the preparati ve column was
determined. Column overload in preparati ve chromatography is defined as a reduc
tion in the k: ' values by I0 ~% or more from the values for analytical separations:'. This
effect is shown in Fig. 3, when loading the column with 100 mg and I g, respectively.
Table II demonstrates the dramatic reduction in the efficiency and increase in the
plate height when column overload occurs. The k ' value was red uced by 20 %and the

TABLE II
COLU MN OVE R LOA D

Sample weight
(g)

0.1
1.0

Capacity factor,
k '

3.2
2.6

Plate height ,
H ( mm )

0.21
1.84
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efficiency to 40 % when a eight-fold sample weight (100 mg) was injected. When an
80-fold sample weight (I g) was injected, the k' value was reduced by 35 % and the
efficiency to 5 %.

In spite of a drastic reduction in the efficiency on column overloading, pre
parative HPLC is an ideal method for isolation of substances of high purity. Its
advantage is founded on the short separation time which is derived from a high
sample throughput and a high sample purity. In addition, the small peak volume is
advantageous for the isolation of the separated substance from the eluent",

The capacity limit in the separation problem described above was reached with
a sample weight of 20 mg per g stationary phase.
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Reversed-phase high-performance liquid chromatography of substi
tuted indoleacetic acids

VOLK ERT SJUT

University of Hohenheim, Department of Pomology and Vegetable Crops, 7000 Stuttgart 70 (G.F.R.;

(Received Decem ber 17th, 1980)

Methods using high-performance liqu id chromatography (HPLC) for purifi 
cation 'v' and quantification.' of indoleacetic acid (IAA) in plant extracts are now well
establi shed. In clinical chemistry HPLC is used for the determination of 5-hydroxy
indoleacetic acid (5-0H-IAA)4. Recently, there has been considerable interest in
substituted indoleacetic acids . 4-Chloroindoleacetic acid (4-CI-IAA) and its methyl
ester have been identified in immature seeds ":", There are indications, although no
conclusive evidence, that 5-0H-IAA is also present in plant tissues7

•

Both 5-0H-IAA and 4-CI-IAA eac h show ca. 40 %of the fluore scence intensity
that IAA itself would show in the indolo-o-pyrone fluorescence determination after
conversion into the respective «-pyrones". This widely used procedure has proved to
be a rapid, accurate? and reliable 10 method for quantification of IAA in plant extracts.
However , 5-0H-IAA and 4-CI-IAA mu st be excluded if the measured fluore scence is
to be assigned only to IAA; thi s is not accomplished with the usual clean-up proce
dure". Separation of IAA and 4-CI-IAA seems to be difficult even by thin-layer chro
matography (T LC) or gas-liquid chromatography (G LC) 8. Thus, it was desirable to
develop a quick, complete and easy separation of IAA, 5-0H-IAA, 4-CI-IAA and its
methyl ester in order to keep the fluorometric an alysis of IAA reliable and to ease
furthe r research on substituted indoleacetic acids.

EXPE RIMENTAL

Chemicals
IAA and 5-0H-IAA were purchased from Serva (Heidelberg, G.F.R.) and

Sigma (St. Loui s, MD, U.S.A.) respectively. 4-CI-IAA and its methyl ester were a
generous gift from K. C. Engvild, Rise Nat ional Laboratory, Department of Agri
cultura l Research, Roskilde , Denmark . All chromatogra phic solvents were of high
purity and redistilled before use.

Chromatographic equipment
Prep acked co lumns of IO-,um Spherisorb ODS (Phase Separat ions , Queens

ferry, Great Britain) and T-iu« LiChrosorb RP- 8 (E . Merck, Darmstadt , G.F.R. )
were used, of a size suitable for either preparative (250 x 10 mm I.D.) or ana lytical
purposes (250 x 4.6 mm I.D.) . Chromatography was carr ied out using an HPLC

0021-9673/81/0000---0000/$02.50 © 1981 Elsevier Scientific Publishing Com pany
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system (Laboratory Data Control, Riviera Beach , FL, U.S.A.) con sisting of two
pumps (Constarnetric II G), a grad ient programmer (Gradient Ma ster ) and a fixed
wavelength UV monitor (Model 1203, UV Ill ) operating at 254 nm. Sampl e introduc
tion was via a Rheodyne 7010 sample injector. injections of 800 jll being made into a
l -ml loop or of 50 jll into a 100-plloop.

RESULTS AND DISCUSSION

The solvent systems used were binary mixtures of acid ic buffer s in water (0.1 N
acetic acid) and methanol (0.1 N acetic acid in methanol ). The addition of an acid ic
buffer ma sks residual adsorption sites on the sta tiona ry phase". Spherisorb ODS is a
spherical, totally porous silica with a C tS bonded stationa ry phase and LiChrosorb
RP-8 is a similar but irregularly shaped material with a C, bonded phase. Both
reversed-phase materials were suit able for separation of the four compounds (Fig s. 1
3). Even with a convex grad ient of increasing concentration of methanol, the com
pounds were well separated (Fig . I). This gradient was applied to ensure an ac
cepta ble elution time for the least polar compound, the methyl ester of 4-Cl-IAA. Use
of the preparative RP column as in Fig. I provides a rapid clean-up procedure. With
crude plant extracts, addition of a guard column is strongly recommended.

4-C1-IAA s-0H-IAA
IAA

Me-4-CI·IAA

..
uc:
.2

J

rw-- 16 12 8 -r-'Ql
Time{min)

Fig. I. Separation of IAA and substituted indoleacetic acids by reversed-phase HPLC. Column: 1O-J.lm
Spherisorb ODS (250 x 10 mm 1.0.). Flow-rate: 5 rnl/rn in . Mobile phase. convex gradient.0.1 N acetic
acid inwater to 70 %0.1N aceticacid in methanol over 20 min. Sampleinjected: 5-0H-IAA and lAA, 10
I lg each; 4-CI- lAA and Me-4-CI-IAA. 20Ilg each. Abbreviation: Mc-4-CI-IAA = methyl ester of 4-CI·
IAA.

The elut ion sequence was the same for LiChrosorb RP-8 columns (Figs. 2 and
3). With ana lytical columns. excellent separation was obta ined with a linear gradient
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4-CI·IAA

Me·Ct-IAA

IAA
S-OH-IAA E

c
-e
lI'>
N..
U
C
lW
.0
(;
III
.0

<
4-CI-IAA

IAA

109

..
u
C
lW
.0
(;

.s
<

,
16 12

Time (minI
4 0

1 120 16 12
Time (min)

8 0 1

Fig. 2. Separatio n of IAA and substitu ted indoleacetic acids by reversed- phase HPL C. Co lumn : 'l-ust:
LiChrosorb RP-8 (250 x 4.6 mm I.D.). Flow-ra te : 1.5 ml/rnin. Mobi le phase, linear gradient, 20 % 0.1 N
acetic acid to 70 % 0.1 N acetic acid in methanol over 15 min. Sample injected : 5-0H-IAA, 250 ng; others,
500 ng.

Fig. 3. Separation of IAA and substitu ted indoleacetic acids by reversed-phase HPLC. Separation con
ditions as in Fig. 2 except mob ile phase : isocratic. 35 % 0.1 N acetic acid in methanol.

(Fig. 2). As with the Spherisor b ODS colum n, rather steep gradients had to be used to
achieve separations in a reasonable time. Sho rter column length s would also be
suitable . Although 4-Cl-fAA is expected to be more polar than fAA it was retai ned
longer than fAA . On the other hand 5-0 H- IAA was ret ained only for a short time.

The ana lytica l RP-S column can be used in an isocrat ic mode if the main
purpose is to recover fAA from its substi tu ted compounds (Fig. 3). Th is is especially
important if IAA is to be quant ified by the ind olo-ce-pyrone method ". 5-0 H-JAA and
4-Cl-IAA, which both interfere with th at meth od , can easi ly be excluded, since5-0 H
IAA is eluted and the methyl ester of 4-CI-IAA is retained on the column.
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High-performance liquid chromatography of cis- and trans-en- in-di
cyclo ethers (spiro ethers) in Matricaria chamomi/la L. flowers and i l
chamomile extracts
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and

ENZO SANTANIELLO

Istituto di Chimica, Facolta di Medicina , Universita di Milano, 20133 Milan ( Italy)

(Received December 19th, 1980)

The cis- and trans-en-in-dicyclo ether 2-hexa -2,4-diin-I-ylidene -I ,6-dioxa
spiro[4,4]non-3-ene , ( I and 2; Fig. I), have been isolated from some species c
Matricaria! and some preliminary pharmacological investigations have been per
formed'<" . Apparently, only the cis isomer exerts a spasmolytic act ion, which is a
least ten times higher tha n that of papaverinev '', The separation of ( I) and (2) i:
chamomile has been accomplished by thin-layer chromatography", gas-liquid chr o
matography (GLC)6 and liquid chromatography on Kiese lgel colu mns?

H-:::'O::J/' 0
~

/'

4-
( 1 ) / ( 2 )

Fig. I. Structures of the spiro ether s. I = cis-En-in-dicyclo ether; 2 = trans-en-in-dicyclo ether.

High -performance liquid chromatography (H PLC) seemed to be the methoi
of choice for the analysis of these compounds, owing to the simple preparation of th
sample and the mild conditions of operation. After preliminary runs, we found tha
'on a reversed-phase column an excellent separation of (I) and (2) is possible, am
detection at 317 nm ensures high sensitivity owing tothe high absorbance maximun
(s = 19,500 I mol - l em- I).

EXPERIM ENTAL AND RESULTS

D icyclo ethers are present almost exclusively in the receptacle of the infl ores
cence, where ( - )-IX-bisabolol and its oxides are not fou nd. Pure (1) and (2) have beeI

prepared by extracting receptacles of Matricaria chamomilla L. flowers with di
chloromethane and separating them on a silica gel column (n-hexane--ethyl acetate
97:3). GLC analysis showed that the (I) and (2) were 99.1 %and 98.1 %pure, respee
tively.

0021-9673/81/0000-0000/$02.50 © 1981 Elsevier Scientific Pub lishing Company
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Routine analysis of the flowers is performed by stirring in methanol (I 0 ml) l g
of pulverized flowers (2 h, room temperature) and injecting 5 J1I of the solution after
filtration. Anal ysis of water-alcohol extr acts is performed by direct injection of 5 J1} of
the extract. A Perkin-Elmer Series 3 liquid chromatograph equipped with a micro
processor-controlled pump module, a Rheodyne injector, a Model 023 recorder, a
Model 55B UV- visible detector and a 25 x 0.26 cm l.D. HC-ODS Sil-X reversed
phase column (Perk in Elmer) was used. A Minigrator integrator (Spectra-Physi cs,
Santa Clara, CA, U.S.A.) was employed . The operating conditions for HPLC were as
follows: room temperature; eluting solvent, acetonitrile-water containing 2 % of
acetic acid (2:3); flow-rate, I ml/min ; wavelength of UV detector, 317 nm; recorder
chart speed, } em/min: sample size, 5 J1I; peak width parameter value of integra tor, 5;
slope sensitivity, 250.

The quantitati ve determination of spiro ethers in unknown samples under the
above conditions was studied using external standardization, and excellent precision
and reliability were obtained. The spiro ethers were well separa ted, giving retention
times (tR - to) of 3.2 min (trans-en-in-dicyclo ether) and 5.2 mintcis-en-in-d icyclo
ether) (Fig. 2).

CIS

trans

o
~
u
co
o
L.s
o
~

t (m in )

Fig. 2. High-performance liquid chromatogram of a chamomile extract.

DISCUSSION

Previous work has shown that HPLC is an excellent method for the determi
nation of flavonoids'"? and coumarins' ? in Matricaria chamomilla L. flowers and
chamomile extracts. The method ha s also been applied satisfactorily to dicyclo ethers
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as a result of its simpli city, sensrtivity and mildness of conditions. Analyses were
carried out at room temperature, thu s preventing possible cis-trans isomerizat ion at
elevated temperature, and the contents of (I) and (2) in chamomile extract s were
determined. However, a systema tic study of the sta bility of d icyclo ethers is required
as the ava ilable dat a pro vide no informat ion on this aspect. Fina lly, it should be
possible to apply the method to the determination of dicyclo ethers and other com
ponents in chamo mile infusion s.
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Separation of 2-amino-3H-phenoxazin-3-one impurity f rom o-amino
phenol*

N. R. AYYANGAR*, A. G. LUGADE, M. G. SANE and K. V. SRINIVASAN

National Chemical Laboratory , Pune 4JJ(J08 ( India)

(Received December 19th, 1980)

o-Aminophenol (OAP) is an important intermediate for dyes, drugs and pest i
cides, and for the last two applicat ions it must be highly pu re. For use in the produc
tion of pesticides such as phosalone, the content of phenoxazone-type coloured im
purities in OAP should be lower than 0.5 %, otherwise the purity and yields in sub
sequent stages are affected . A spectrophotometric method for the determination of
phenoxazone imp urities in commercial OAP has been reported by us' : The presence
of phenoxazone ring system in dyes and bio logically active compounds such as ac
tinom ycins has created considerable interest in the synthesis and chemistry of phen
oxazonesv". The iso lation of am inophenoxazone derivatives from microorgan isms,
insects , mammalian tissues and plants has been reportedf" .

The identification of 2-amino-3H-phenoxazin-3-one (APZ) as the product of
the oxidation of OAP with hydrogen peroxide in the pre sence of chromium(VI) has
been reported". However, so far no such phenoxazones have been isolated as impurities
from commercial OA P obtained by catalytic hydrogenation of o-nitrophenol (ONP).
We detected the presence of trace amounts of APZ by high-performance liquid chro
matography (H PLC) and thin-layer chromatography (TLC). Differen t solvents such
as chloroform-acetone, chloroform-ethyl acetate, chloroform-acetic acid and ethyl
acetate-acetic acid ha ve been suggested' ? for the TLC separation of APZ and its
derivatives obtained by the oxidation of OAP and several other substituted phenols.
However, RF values for APZ (iso lated from ONP reduction products) using different
solvent systems have not been reported. We therefore decided to select a suitable
solvent system to improve the separat ion and isolation of APZ from OAP.

EXPERIM ENTAL AND RES ULTS

Hydrogenation o/ ONP
The hydro genation of ONP (50.0 g) was carried out in a stai nless-steel auto

clave (Parr type with stirring motor and internal cooling coil) of 2 I capacity using
distilled methanol (I I) as sol vent. The pressure was kept at 140 p.s.i.g. and the
temperature was maintained at 85°C for 2 h. Raney nickel (Type W-4; 0.5 g) was
employed as the catalyst. The course of the reaction was followed by removing

* NCL Communication No. 2615.

0021-9673/81/0000-0000/$02.50 © 1981 Elsevier Scientific Publishing Company
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aliquots at different time intervals through a dip tube under a positive pressure and
determining the unreacted ONP volumetrically using titanium(III) chloride".

At the end of the reaction the catalyst was allowed to settle and the supernatant
solution was siphoned out under positive pressure in a round-bottomed flask contain
ing a stabilizer (hydrazine hydrate, 1.0 ml), through which was passed a continuous
stream of nitrogen. One gram of the solid obtained was dissolved in 20.0 ml of
concentrated hydrochloric acid. Spectrophotometric assay' of the product at 485 nm
indicated the presence of 4.0 mg of APZ per gram of the product.

HPLC procedure
HPLC was performed on a Waters Model ALC/GPC-202R401 liquid chro

matograph. The system consisted of a UV detector (280 nm) and a dual pen recorder.
A 30 em x 4 mm J.D. flBondapak C!s column (Waters Assoc., Milford, MA, U.S.A.)
was used. Methanol-water (I: I) was used as the solvent at a flow-rate of 1.5 ml/min
and the chart speed was 0.75 in.zmin. Aliquots (10 fll) were chromatographed and the
chromatogram showed two peaks with retention times of 2.9 and 3.6 min correspond
ing to OAP and APZ, respectively.

TLC analysis
The following solvent systems were tried, using standard conditions on 18 x 4

em plates coated with 0.5 mm thick layers of silica gel G: (A) benzene-ethyl acetate
(9:1); (B) chloroform-ethyl acetate (9 :1); (C) chloroform-acetic acid (9:1); (D) chlo
roform-acetone (9: I); and (E) ethyl acetate-acetic acid (9: I).

Solvents. All solvents were of analytical-reagent grade and were dried and
redistilled. They were degassed by refluxing under stirring, followed by cooling in the
presence of nitrogen.

Materials. An authentic sample of APZ was prepared by the oxidation of OAP
with p-benzoquinone".

Sample solutions. OAP, APZ and the solid obtained from the reduction of
ONP were accurately weighed and dissolved in methanol to the desired volume (con
centrations: OAP, 50.0 mg/ml; APZ, 0.1 mg/ml).

Spotting the plates. The sample solutions were spotted on TLC plates using a
disposable capillary. The solvent was allowed to migrate to a height of 10 ern above
the point of application, then the plate was dried. The spots corresponding to APZ
and OAP were easily visible owing to their colours (pale yellow and dark brown,
respectively).

Preparative TLC
The RF values for APZ and OAP using different solvent systems are given in

Table J. System C (chloroform-acetic acid, 9:1) afforded the best separation, giving a
separation distance of at least 41 mm between the inner edges of the bands of APZ
and OAP. Chromatograms run with systems A, Band 0 showed a tendency to form
elongated and diffuse spots, especially that of OAP.

o-Aminophenol (2.0 g) obtained from the hydrogenation mixture dissolved in
40.0 ml methanol was spotted on each of40 glass plates (20 x 20 ern); the spotting on
each plate was completed within 5 min and the plates were further dried for 5 min
only. The development was carried out in a glass jar (25.5 x 12 x 25 ern) at room
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TABLE I
RF VALUES OF OAP AND APZ IN DI FFERENT SOLVENTS
RF values ( x 100)are reported as the means of triplicate determinations. Plate s were developed in an iodine
chamber.

Compound Solvent system

A B C D E
._ ._..._._ .. _ ._- .__._ - - _ .- - - - - -

OAP (pure)
OAP (from
reduction mixture)
APZ

25

25
29

12

12
25

9

9
73

16

16
38

32

32
68

temperature. The development chamber was satura ted with nitrogen and the solvents
used for development were degassed. Ascending development to a height of 10 em
was completed in 12 min . The bands corresponding fo APZ and OAP were easily
visibleowing to their colours and were scraped off the plate into individual small glass
columns fitted with sintered-glass discs. The APZ and OAP were extracted from the
adsorbent with ten 5-ml portions of degas sed methanol. The solvent was remo ved by
evaporation under nitrogen and the solids obtained were weighed . This method of
separat ion yielded 7.8 mg of APZ (95%recovery) from OAP. The product APZ had
HPLC retention time, IR spectrum and melting point identi cal with those of an
auth ent ic sampl e and its elemental analysis was in agreement with its struc ture [v
(Nujol) 3250, 3300,1653,1600,1470, 1389, 1274, 1219 and 1176 cm - 1

; m.p . 249°C,
lit.ll 249°].

Fig. I shows an example of the chromatographic distribution of APZ and
OAP.

Chloroform-acetic acid (9:\) •

I:-
I
I
I
I

N t

I +
x Io

J>

"

•

•
+
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i
I
I
I
I
I
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I
I
I

Fig. 1. Thin-layer chromatogram developed with chloroform-acetic acid (9:1). X = origin; F = solvent
front. Lanes: I = redu ction product (OAP); 2 = authentic sample of APZ .

Similar results were obtained when considerably larger volumes of sample
(preparative TLC) were spotted. This rapid and one-step elution technique for the
separation of APZ enables the amount of APZ formed in OAP to be measured
quantitatively and serves as a quality control test for OAP obtained by the hydroge
nation of ONP.
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Note

Determination of dothistromin by quantitative reversed-phase thin
layer chromatography

R. A. FRANICH

Forest Research Institute. Private Bag, Rotorua ( New Z ealand)

(Received January 13th, 1981)

Dothistromin (1) is the major metabolite produced by the pine needle pathogen
Dothistroma pini (Hulb.) grown in culture'<", and the sole metabolite identified in
extracts of diseased pine foliage. During studies on the effect of dothistromin on pine
needle tissue, large numbers of samples were required to be analysed for the quantity
of dothistromin injected into pine needles , for residual dothistromin after various
physiological treatments of seedlings or detached pine needles , and also for dothi
stromin in natural disease lesions",

OH 0

~OfOyOH

~
OH 0 OH OH

Previously, dothistromin has been routinely analysed in this laboratory by
adsorption thin-layer chromatography (TLC) and fluorescence densitometry (silica
gel GF, developed in ethyl acet ate-dichloromethane (I: 1) containing ca. 4 %formic
acid to suppress dothistromin ionisation ; dothistromin RF 0.5). Eth yl acetate so
lutions of dothistromin exhibit a fluore scence excita tion ma ximum at 470 nm and an
emission ma ximum at 550 nm . When dothistromin is ad sorbed on to a silica gel G
TLC plat e, the excitation max imum appears at 436 nm (Fig. 1). Thi s method has been
satisfactory for analysis of dothistromin extracted from fungal cultures, bioassays,
and from dead , brown pine needles, but did not give reliable quantitative analyses of
doth istromin extracted from green pine needles. Extraction of green pine needle s
containing very small amounts of dothistromin also released comparatively large
amounts of chlorophylls and phenols. These on adsorption TLC migrated to RF 0.7
0.9 but with variable streaking, which appeared as a faint blue fluorescence when
examined at 366 nm , and quenched silica gel 254 nm fluorescence in addition to
cau sing varia ble quenching of dothistromin fluore scence , making the an alysis un
usable for green tissue extracts.

Thi s problem has been overcome by using a cheap, simple reversed-phase TLC
system described in this paper.

0021-9673/81/0000-0000/S02.50 <!cJ 1981 Elsevier Scientific Publi shing Co mpa ny
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Fig. I. Fluorescence excitat ion and emissio n spectra for doth ist rom in. - - _..Adso rbed on to silica gel G ;
- - - , in eth yl acetate.

EXP ERIMENTAL

Solvents were laboratory-reagent grade . TLC plates were prepared by spread
ing silica gel GF2 5 4 (Wo elm, Eschwege , G.F.R .; 25 g) slur ried in distilled water (55
ml) on five 20 x 20 em glass plates. Layer th ickness 0.25 mm . Plate s were allowed to
air-dry at 20°C for 12 h. Reversed-phase TLC plates were prepared by developing the
silica-gel GF plates once in a solution of 5 % liquid paraffin (BDH, Poole, Great
Britain; infra red-s pectroscopy grade ) in hexane . and then air-drying". The solvent sys
tem for reversed-phase TLC was methanol-water (2:I) containing cu. 4 %form ic acid .
Vapour phase satura tion was not used . Both so lvent developments were in the sam e
direction.

Dothistromin standards in ethyl acetate were prepared in the range 1-100 mg /l,
Natural Dothistroma lesion s and dothistromin-induced lesion s in pine needles were
excised (ca . 5 mm needle length; 1.8 mg fresh wt. tissue) and cut into ca. 0.5-mm pieces
with fine scissors directly into 25-ml vials. Ethyl aceta te (I ml) and formic acid (50 pi)
were added, the vials capped, and kept at 20°C for 12 h. The light green solutions
were mechanically separated from tissue fragments and transferred quantitatively
(Pasteur pipette) into I-ml tapered vials and evaporated in a current of air at 20°e.
The residue was dissolved in eth yl acet ate (25 pl).

Samples (25 pi) and standards (10 pi) were applied to the reversed-phase TLC
plate s using a liquid-t ight stepper-motor-driven 50-pi microsyringe.
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After development the T LC plates were allowed to air -dry completely and
analysed using a Vitatron TLD 100 densitometer with the following parameters: Hg
light source, primary interference line filter A436 nm , secondary blocking filter A >
500 nm, slit I mrn , oscillation 14 mm, scan speed 10 rum /min, photomultiplier sensi
tivity 100. The raw signal was minimally corrected for positive baseline drift (1.5 %
full scale/h) and baseline noise (2 %full scale) (Kontes Corrector K-49SI00). Peak s
were integrated (Hewlett-Packard 3371 B integrator).

RESULTS AND DISCUSSION

When extracts of dothistromin-treated pine needles were chromatographed
using reversed-phase TLC as above, dothistromin migrated to RF 0.6. The solvent
front was allowed to tra vel IDem from the point of sample application. Chlorophylls
remained at the origin, identifiable by their deep red fluore scence when irradiated at
436 nm and examined through a SOO-nm blocking filter . Blue-fluorescent compounds
appeared close to the chlorophylls at RF < 0.1, and also close to the solvent front at
RF > 0.9. No fluorescence was detectable from RF 0.2-0.9 in chromatograms of
green, healthy, pine needle extract. Despite the samples and standards being applied
to the reversed-phase TLC plate in ethyl acetate (which must initi ally also dissolve the
paraffin coating on the silica gel), no adsorption of dothistromin on to the silica gel at
the appl ication site was observed, since after chromatography of 100 ng of dothi
stromin, no fluore scence was detectable at the origin. Dothistromin migrated on re
versed-phase TLC as a compact spot, and a typical response from 50 ng is shown in
Fig. 2.
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Fig. 2. Reversed-pha se thin -layer chromatogram of 50 ng dothistromin.

The weight-response log-log plot for dothistromin standards is shown in Fig.
3, and is linear over the range 10-150 ng. This is distinct from the weight -response
curve determined for adsorption TLC, where linearity extended over the range 10
700 ng. It is apparent that self-quenching of the dothistromin spot where quantities
are greater than 200 ng is due to its slower lateral diffusion rate on reversed-phase
TLC compared with adsorption TLC. The small linear range is a disadvantage of the
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Fig. 3. Weight-response plot for dothi stromin standa rds.

NOT ES

reversed-phase system. Precision of the analysis was determined by chromat ograph
ing ten 100-ng samples of dothistro min, and ana lysing by fluorescence den sitometry.
The mean integral ± sta nda rd deviat ion was equal to 100 ± 10.6 ng, i.e., a 10% error
can be expected for the determination.

For determination of dothistromin in pine needle extracts, three sta nda rds ( 10,
50, 100 ng) and nine samp les are applied to eac h TLC plate. Time for sample appli
cation, chroma tography, and ana lysis is 2 h.

In addition to pro viding a simple, rapid ana lysis for sma ll quantities of dothi
stromin extracted from pine needles, the reversed-phase T LC descri bed may also be
useful for examination of foliage polyphenols an d phytoalexins where interference
from chlorophylls may be a problem".
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Isotachophoretic characterization of stinging insect venoms
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Venoms of common stinging insects , such as bees , yellow jackets, wasps and
hornets, are complex mixtures of amines, peptides and proteins (enzymes) with both
pharmacological and allergenic activities 1, 2 . Honey bee venom has been extensively
studied, which has resulted in the detailed biochemical characterization of mo st of the
venom components'v' :".

Vespid venoms, on the other hand, have been subjected to few biochemical
investigations, although King et al.2 described bioch emical and immunological
studies of vespid venom proteins.

Th e use of modern biochemical separati on techniques has made it po ssible to
isolate indi vidual venom components, and methods utilized for the purification and
cha racteriza tio n of venoms fro m sting ing insec ts of the order Hymenoptera are based
on gel chromatography, ion- exchange chromatogra phy and electro phoresis/:".

Isotachophoresis has been app lied to the sepa ration and qu an tit ation of low
molecular-weight components" and proteins'' :". The high resolving power, in con
junction with the requirement for a small amount of sample, makes this technique
very promising for the sim ulta neous separa tion and ch aracterization of components
in the venoms of stinging insect s. In this paper an isotachophoretic procedure is
descr ibed for studying bee and vespid venoms .

MATERIALS AND METHODS

Honey bee venom obtained by electrical stimulation was purchased from Mr.
C. Mraz, Middlebury, VT, U.S.A. T he venoms of wasp , white-faced hornet , yellow
hornet and yellow jacket were purchased as lyophilized material from Dr. A. W.
Benton, Pennsylvania State Uni versity, Spring Mill s, PA , U.S .A . The vespid venoms
were extracted from venom sacs . Melittin and bee venom phospholipase A2 were
obtained from Sigma, St Loui s, MO , U.S.A ., and histamine from E. Merck,
Darm stadt, G.F.R .

The venoms were dissol ved sepa ra tely in distilled water to a concentra tion of
about 1%. Melitt in, histamine and ph ospholipase A2 were dissol ved in di stilled water
to a concentration of approximat ely 0.1 %'

0021-9673/81/0000-D000 j$02.50 ({;) 198 1 Elsevie r Scientific Pub lish ing Company
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The isotachophoret ic ana lyses were performed with an LKB 2 127 Tachophor
(LKB, Bromma, Sweden ), equipped with a 23-cm cap illary for screening purposes. A
43-cm capillary was used for the identification of the peaks. The appara tus was
equipped with a UV and a conductivity detector.

The leading electro lyte was 5 mM pot assium hydroxide solution, adjusted to
pH 6.0 with cacodylic acid (Pfaltz and Bauer, Flushing, NY, U.S.A.). To the leadin g
electrolyte was added 0.2 %(w/v) of hydroxypropylmethylcellulose (HPMC, Meth 
oce1 90 HG, 15,000 cps; Do w Chern., Midland , MI , U.S. A.) to minim ize electro
endosmosis. The terminat ing electro lyte was 5 mM creatine adjusted to pH 4.4 with
hydrochloric acid. The spacer solution was I Jll of 5 % Ampho line. Ca rr ier ampho
Iytes of pH 6-8 were obtained from LK B.

The ana lyses were run at a constant current of 200 JlA initially, which was
decre ased to 50 JlA before detect ion (isotachophoretic equilibrium). The tot al time of
analysis was 15- 20 min , depending on the length of the capillary used. Samp les of 2-5
JlI were injected by means of a Hamil ton syrin ge. The separated sample zones were
detected by UV (tr an smission at 280 nm) and conduct imetric detection . Th e trans
mission at 280 nm was recorded at a chart speed of 3 ern/min. The capillary was
thermostat ed at 15°C.

RESULTS AN D DI SCUSSIO N

Fig. I shows the isot achophoretic sepa ra tion of hone y bee and vespid venoms
in the presence of spacer solution (used in order to space the components according to
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Fig . I. Analytica l isotachophoresis patterns (cationic system ) of venoms: (a) honey bee; (b) white-faced
hornet vespid; (c) wasp vespid; (d) yellow hornet vespid ; (e) yellow jacket vespid. A 2-JlI volume of each
sample was injected with I JlI of a 5%solution of spacer.
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their mobilities), recorded with a UV detector (transmission at 280 nm). The UV
profiles are charac terized by a large number of absorbing zones (closely stacked
peptide/protein patterns) for each venom species. On comparin g the individua l iso
tachophoretic patterns, it can be seen that honey bee venom (F ig. la) exhibits an
isotachophoretic pattern with a major zone peak , which differs significantly fro m the
vespid venoms. The long homogeneou s zone in the honey bee venom profile indicates
that one component is present in a large amount, as the zone widt h is directly propor
tional to the mola r amount of an individual component. It is likely th at this long zone
is caused by melitt in, as this peptide component con stitutes about 50 % of the dr y
weight of honey bee venom:".

White-faced hornet, yellow hornet and yellow jacket venoms (Fig. Ib, d and e)
exhibit similar isotachophoretic pattern, but wasp venom (Fi g. Ie) shows a different
profile, characterized by several well resolved zones. Inspection of the isotachopho
retic profiles (fingerprints) of each venom species show, however, that it is possible to
different iate between the venoms investigated. Further, the results of several separate
runs on each species of venom indicated very high reproducibility, which makes the
isotachophoretic technique most suitable for routine identification purposes.

Fig. 2 illustrates the identification of the major component in honey bee
venom. The isotachopherograms were recorded using both a UV and a conductimet
ric detector in the absence of spacer solution. The signal from both detectors dem
onstrates a high resolving power. Fig. 2a shows the separa tion of the compl ex
peptide/protein mixture, and addition of melittin to the venom markedly increased
the size of this homogeneous zone (F ig. 2b), which confirms that melittin is the major
component.

Conductiv ity
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Fig. 2. Analytical isotacho phoresis (cat ionic system) of (a) honey bee venom and (b) honey bee venom plus
meiitt in. Arrows: I = histamine; 2 = melitt in; 3 = phospholipase A z. No spacer was used .
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Further, the presence of histamine in honey bee venom has been verified.
Because histamine does not absorb UV light, it must be detected with a conductivity
detector, which is a general detector with high sensitivity (less than 50 pmol can be
measured). Our studies indicate that histamine exhibits a high mobility in this elec
trolyte system and moves in front of melittin (Fig. 2a). Phospholipase A2 , on the
other hand, showed a lower mobility than melittin (Fig. 2a). Further studies are in
progress to quantify the individual components of hymenoptera venoms.

Analytical capillary isotachophoresis is easy to perform. Insect venom samples
consisting of microgram concentrations in microlitre volumes can be analysed within
15-20 min. The results of these preliminary experiments suggest that this technique
ma y pro vide a means for the rapid characterization of the venoms of stinging hy
menoptera (fingerprints). Further, it might also give general information concerning
the compositions of bee and vespid venoms .
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letter to the Editor

Quantitative techniques in thin-layer chromatography

Sir,
In a recent detailed survey of the literature on quantitati ve th in-l ayer chromato

graphy (TLC) we came across a paper in thi s journal' which , in our opinion, contains a
misinterpretation of previous work by Bethke et al.' on the subject of the data pair
technique and transferable ca libra tion factors in Tl.Ce-densit ornetry''. Surprisingl y,
similar work has been also published in two other journalst -", but with differing con
clusion s regarding the relative merits of external vs. int ernal calibr ation.

Not considering the statistical aspects of the reported data, as the authors
implicitly acknowledged the limitations associated with a lack of optimal working
conditions and sufficient replicates I , the following points should have been taken into
account in writing or reviewing thi s pap er.

( I) As stated by Grijalba et at,1, in the data pair technique " a series of sta n
dard concentrations is applied on a plate. The procedure is repeated on the same plate
with the same series of sta nda rds but with an equa l amo unt of th e unknown. The
concentration of the unknown is then ca lcula ted from the intercepts of the curves
with the concen tr ation ax is". However , the data pair technique, the only purpose of
which is to compensate for fluctuating chro matographic condi tions , requires the ap
plica tio n of sta nda rds and unknowns in a paired fashion for each concentra tion and
in such a way that th e two spots of each pair are pla ced about on e half-width apart",
In other words, the data pair method by itself is not a technique that quantitates TLC
spots, but rather an ingenious approach to com pensate for sources of variability
across a TLC plate, thus eliminating systematic errors. Consequently , one should not
confuse the simple standard additions method":", which is wha t the authors are really
using , with the dat a pair technique. The fact is that the latter could be used to
improve the precision of the first or of any other quantitative methods for that matter.

(2) One of the methods also evaluated by Grijalba et al,' is th at of tr an sferable
or external calibration, and in this regard it is not clear why , after determining the
mean slope using five plates, another plate should be necessary for ca lcula ting the
intercept on the ordinate and five more to calculate the precision and accuracy.

In fact, the ordinate intercept could be derived from any of the first five plates,
which in any case would likewi se have been incorrect as this value varies fro m plate to

0021-9673/81/0000-0000/502.50 © 1981 Elsevier Scientific Publi shing Company
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plate . What one needs to do instead is to " achieve a maximum of external informa
tion and a minimum of indi vidual calibration" , working with one ca libration point
on each pla te".
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Book Review

Gasatlas - Guide in gas analysis, Chrompack Nederland, Middelburg, The Nether
lands, 1980, 39 pp., 1 table, 10 cards, price Ofl. 14.00.

The idea of this publication is good - by means of ingenious tables and 102
figures of gas chromatograms one can look up which gas mixtures have been sepa
rated and what results have been obtained .

The execution of this idea had me puzzled; then 1 remembered having read
during a flight on a KLM plane an article in the KLM house journal explaining the .
"funny English" for which KLM hostesses are famous and which contributes to the
fun of flying KLM.

However, in a scientific publication such involuntary humour is perhaps less
welcome. On p. lone reads about "columns witching", in the cards there are com
pounds such as "aceton" and "nitrosubt. h. carb.", on p. 39 one is told to " Squeeze
out of the paper strip the corresponding dots" and you are told "The number of the
outhern spots. . .". On p. 2: "Very symmetrical molecules, which cannot enter into the
micropores at no side...". To say nothing of a liberal spr inkling of spelling mistakes!

Summing up : A carefully edited and corrected edition will be very welcome
and the present edition should be withdrawn.

Lausanne (S witzerland) M. GUDI ENS
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rapprox. 2-500 1-111, in the form of narrow
bands , reproducibility 1%.

2.Chromatogram
Development

£AIIIIALi
TWin-Trough Chamber
versatile,
economical In solvent consumption.
reproducible conditions

Ask for full Information on
• COMPLETE CAMACl SYSTEMS for

High-performance TLC also.
The units marked with an • are,
by the way, compatible with
HPTLC anyway.

3. Ouantitative
Evaluation

£'AIIIIALi TLC/HPTLC scanner"
Available In two options: low-priced
filter version or monochromator
equipped.

Scanning modes: absorbance, fluores
cence, fluorescence quenching.

Automatic scanning of all tracks of a
complete chromatogram, or the selected
segment.

If you are planning to set up a new TLC laboratory, or to complen
your existing TLC equipment, ask the CAMAG specialist. He will t

, £A/IIIAli sonnenmattstr.11.CH -4132MuttenZlSwltzerJand .Tel.(061)613434·Tel

340
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